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EXECUTIVE  SUMMARY 


This  report  describes  the  results  of  field  investigations  at  the  Delaware  Air 
National  Guard  166th  Tactical  Airlift  Group  (TAG)  Facility  (the  Base),  New 
Castle,  Delaware.  The  property  has  operated  under  the  U.S.  Air  National  Guard 
since  1957,  having  previously  been  under  the  jurisdiction  of  the  U.S.  Air 
Force. 

A  previous  study  identified  three  sites  for  future  study  (HMTC,  1987). 

E.C.  Jordan  Co.  (Jordan)  completed  a  series  of  field  and  analytical  investi¬ 
gations  to  evaluate  the  presence  or  absence  of  contamination  at  three  identi¬ 
fied  sites  and  to  gain  an  understanding  of  the  geology  and  hydrogeology  of  the 
Base.  These  sites  include  the  Refueling  Parking  Area  (Site  1);  the  Petroleum, 
Oil,  and  Lubricant  pumphouse  area  (Site  2);  and  Southeast  Drainage  Ditch 
(Site  5).  During  the  field  program,  the  presence  of  contamination  was  indi¬ 
cated  at  two  basewide  locations  in  the  vicinity  of  the  Aircraft  Parking  Area,  a 
site  evaluated  in  the  HMTC  study  (1987).  These  two  locations  are  identified  as 
Sites  4A  and  4B. 

Jordan's  field  activities  consisted  of  a  soil  organic  vapor  (SOV)  survey, 
collection  of  six  surface  soil  samples,  completion  of  16  soil  borings  with  soil 
sampling  at  selected  depth  intervals,  and  installation  of  14  monitoring  wells 
and  two  piezometers.  Soil  was  sampled  for  laboratory  analysis  for  Target 
Compound  List  volatile  and  semivolatile  organic  compounds  (VOCs  and  SVOCs),  as 
well  as  lead  and  total  petroleum  hydrocarbons  (PHCs).  Groundwater  samples  were 
taken  from  all  monitoring  wells,  and  analyzed  for  the  same  series  of  compounds 
as  the  soil  samples. 

Site  1  -  Refueler  Parking  Area.  The  investigations  at  Site  1  included  an  SOV 
survey,  drilling  of  two  soil  borings  with  monitoring  wells,  collection  of  three 
surface  and  five  subsurface  soil  samples,  and  a  groundwater  sample  from  each  of 
the  two  monitoring  wells.  The  results  from  the  SOV  survey  indicated  nondetect 
values  for  total  PHCs  and  low  values  for  total  halocarbons  (i.e.,  the  sum  of 
tetrachloroethene  [PCE] ,  trichloroethene  [TCE] ,  and  1 , 1 , 1-trichloroethane 
[TCA]).  Surface  soils  at  Site  1  detected  elevated  levels  of  SVOCs,  PHCs,  and 
lead,  while  subsurface  soils  only  detected  low  levels  of  lead.  Groundwater 
contamination  was  observed  at  Site  1  at  one  of  two  monitoring  wells  (MW-101), 
with  elevated  levels  of  VOC  contamination  (i.e.,  benzene,  1 , 1-dichloroethane, 
and  ethylbenzene). 

Site  2  -  Petroleum,  Oil,  and  Lubricant  Pumphouse  Area.  Investigations  at 
Site  2  included  an  SOV  survey,  drilling  of  three  soil  borings  with  monitoring 
well  installation,  and  collection  of  three  surface  and  seven  subsurface  soil 
samples.  The  SOV  survey  results  indicated  low  values  for  total  halocarbons, 
and  very  high  values  for  total  PHCs  (i.e.,  1,800  to  58,000  yg/£).  Surface  and 
subsurface  soils  at  Site  2  detected  elevated  levels  of  VOCs,  SVOCs,  PHCs,  and 
lead.  Groundwater  from  MW-103,  MW-104,  and  MW-105  has  elevated  levels  of  VOCs, 
SVOCs,  total  PHCs,  and  lead. 

Sites  4A  and  4B  -  Aircraft  Parking  Area.  Soil  and  groundwater  contamination 
was  also  confirmed  at  two  basewide  locations  in  the  vicinity  of  the  Aircraft 


1.89.46 

0007.0.0 


ES-1 


Parking  Area.  Investigations  at  Site  4  included  two  monitoring  wells,  one 
subsurface  soil  sample,  and  two  groundwater  samples.  VOC,  SVOC,  and  total  PHC 
contamination  was  detected  in  one  subsurface  soil  sample  from  MW-111  (Site  4B). 
Elevated  levels  of  VOCs,  SVOCs,  total  PHC,  and  lead  were  also  detected  in 
groundwater  from  MW-111.  Groundwater  from  MW-112  (Site  4A)  was  contaminated 
with  low  levels  of  halogenated  VOCs  (PCE  and  TCE). 

Site  5  -  Southeast  Drainage  Ditch.  Field  studies  at  Site  5  included  an  SOV 
survey,  drilling  five  soil  borings,  installing  five  monitoring  wells,  and 
collecting  seven  subsurface  soil  samples.  The  SOV  sarvey  results  indicated  two 
areas  of  SOV  contamination.  An  area  located  in  the  southern  portion  of  Site  5 
had  total  PHC  values  of  760  to  8,000  pg /£.,  and  lower  total  halocarbons  values. 

A  second  area  near  a  fenced  storage  racility  detected  elevated  SOV  total 
halocarbons  and  low  total  PHCs.  VOC,  SVOC,  total  PHC,  and  lead  subsurface  soil 
contamination  was  detected  in  the  one  soil  boring  (MW- 108)  located  in  the  area 
associated  with  the  elevated  SOV  contamination  of  PHC  (southern  portion  of 
site).  Groundwater  contamination  was  also  confirmed  at  Site  5.  MW-108  de¬ 

tected  fuel -related  VOCs,  SVOCs,  total  PHCs,  and  lead.  Monitoring  wells 
located  near  the  halocarbon  SOV  contamination  (MW-106,  MW-107,  MW-109,  and 
MW-110)  detected  PCE  and  lead  (fenced  storage  area). 

Contamination  at  Sites  1,  2,  and  5  is  apparently  related  to  past  disposal 
practices  and  accidental  spills.  The  source  for  contamination  at  Sites  4A  and 
4B  is  unknown  and  requires  further  study.  Basewide  characterization  of  the 
hydrogeology  demonstrates  that  groundwater  flow  in  the  water  table  aquifer  at 
the  Base  is  south  to  southwest.  When  this  hydrogeological  information  is 
combined  with  the  analytical  groundwater  data,  it  demonstrates  that  potential 
exists  for  contaminated  groundwater  plumes  to  migrate  off-base  in  a  south  to 
southwesterly  direction  at  Sites  1,  2,  4A,  and  4B. 

Data  relating  to  contamination  distribution  and  the  use  of  the  water  table 
aquifer  are  not  sufficient  to  conduct  a  complete  assessment  of  the  risk  to 
public  health  or  the  environment.  Further  study  on  public  health  and  en¬ 
vironmental  receptors  will  be  conducted  in  the  Remedial  Investigation  (RI)  as 
part  of  a  risk  assessment. 

Jordan  recommends  that  further  studies  be  conducted  at  Sites  1,  2,  4A,  4B,  and 
5  to  complete  the  groundwater  and  source  area  characterization,  and  to  support 
a  risk  assessment  and  a  feasibility  study. 
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1 . 0  INTRODUCTION 


As  part  of  the  Air  National  Guard  (ANG)  Installation  Restoration  Program  (IRP), 
E.C.  Jordan  Co.  (Jordan)  conducted  site  investigations  (Sis)  at  the  Delaware 
Air  National  Guard  166th  TAG  Facility  (the  Base)  in  New  Castle,  Delaware. 
Jordan's  work  was  performed  under  Task  Order  Y-04  from  the  Hazardous  Waste 
Remedial  Action  Program  (HAZWRAP)  of  Martin  Marietta  Energy  Systems,  Inc. 
HAZWRAP  is  assisting  the  ANG  in  implementing  the  IRP.  This  report  describes 
the  findings  of  field  investigations  at  the  Base. 

The  Base  lies  between  the  Delaware  and  Christina  Rivers,  and  is  located  in  the 
northeastern  corner  of  the  Greater  Wilmington  Airport  (GWA)  in  New  Castle, 
Delaware,  approximately  3  miles  southeast  of  Wilmington,  Delaware  (Figure  1-1). 
The  property  has  operated  under  the  ANG  since  1957,  having  previously  been 
under  the  jurisdiction  of  the  U.S.  Army  and  U.S.  Air  Force  (USAF) .  Sub¬ 
section  1.3  describes  the  Base  history  in  greater  detail. 

The  Preliminary  Assessment  (Phase  I  Records  Search)  described  five  potential 
hazardous  waste  sites  at  the  Base;  three  of  which  were  recommended  for  further 
investigation  (Hazardous  Materials  Technical  Center  [HMTC],  1987).  The  sites 
are  Site  1:  Refueler  Parking  Area;  Site  2:  Petroleum,  Oil,  and  Lubricant 
pumphouse  area;  and  Site  5:  Southeast  Drainage  Ditch  (SDD)  (Figure  1-2). 

Site  1  is  an  area  where  refueler  tank  trucks  parked  and  periodically  purged 
their  fuel  tanks.  The  purged  material  was  thought  to  potentially  drain  into 
the  grassy  area  adjacent  to  Site  1.  Approximately  20  years  ago,  Site  2  was  the 
site  of  an  approximately  10,000-gallon  aviation  gasoline  (AVGAS)  spill.  Site  5 
was  an  open  ditch  where  wastes  were  disposed.  The  two  sites  (Sites  3  and  4) 
not  recommended  for  further  study  are  the  Ruptured  Fuel  Line  Aircraft  Parking 
area  (Site  3)  and  the  Aircraft  Parking  Area  (Site  4). 

The  site  numbering  throughout  the  IRP  at  the  Base  has  not  been  consistent.  The 
SI  work  plan  (Jordan,  1988)  for  the  Base  was  designed  to  study  three  sites;  and 
these  were  numbered  Sites  1,  2,  and  3.  Site  numbers  1  and  2  in  the  SI  work 
plan  corresponded  to  Sites  1  and  2  as  defined  in  the  records  search  (HMTC, 
1987).  Site  3  in  the  SI  work  plan  corresponds  to  Site  5  in  the  Phase  I  Records 
Search  (HMTC,  1987).  Site  numbers  in  the  SI  report  will  be  consistent  with 
those  defined  in  the  Phase  I  Records  Search.  Table  1-1  outlines  the  site 
identification  used  in  the  various  phases  of  the  IRP. 

Site  3  was  associated  with  an  inactive  underground  fuel  line  ruptured  during 
excavation  activities  that  resulted  in  a  fuel  loss  of  approximately  50  gallons. 
No  environmental  receptors  were  near  the  spill;  therefore,  it  was  decided  that 
further  IRP  consideration  was  unnecessary  (HMTC,  1987). 

Site  4,  located  along  the  southern  and  western  edges  of  the  aircraft  parking 
apron,  was  originally  used  by  the  Air  Force.  From  1960  to  1974  Capital  Airways 
leased  the  area  from  the  city  of  New  Castle,  and  in  1976  the  Base  expanded  the 
property  they  leased  from  the  city  to  include  the  Site  4  area.  Air  Force  and 
Base  activities  in  the  Site  4  area  included  airplane  washing  and  general 
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TABLE  1-1 

COMPARISON  OF  IRP  SITE  NUMBERS 


166th  TAG  SITE  INVESTIGATION 
NEW  CASTLE,  DELAWARE 


SITE  NUMBER 

SITE  NAME  RECORDS  SEARCH 

SI  WORK  PLAN 

SI  REPORT 

Refueler  Packing  Area 

1 

1 

1 

Petroleum,  Oil,  and 

Lubricant  Pumphouse  Area 

2 

2 

2 

Ruptured  Fuel  Line 

Parking  Area 

3 

N/A 

3 

Aircraft  Parking  Area 

4 

N/A 

4A/4B 

Southeast  Drainage  Ditch 

5 

3 

5 
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aircraft  maintenance.  An  abandoned  fuel  line  and  fuel  hydrants  are  located 
near  the  southern  portion  of  Site  4. 

During  SI  field  activities,  basewide  explorations  were  sited  in  the  general 
vicinity  of  Site  4,  and  field  screening  results  from  subsurface  soils  and 
groundwater  indicated  the  presence  of  contamination.  Based  on  this  informa¬ 
tion,  laboratory  analytical  samples  were  taken  from  these  locations  in  the 
Site  4  vicinity  and  are  reported  in  this  Site  Investigation  report.  The 
western  edge  of  the  Aircraft  Parking  Area  is  designated  as  Site  4A  and  the 
southern  edge  is  identified  as  Site  4B  (Figure  1-2). 

This  report  presents  findings  from  SI  activities  performed  at  the  Base  at  Sites 
1,  2,  4A,  4B,  and  5  (see  Figure  1-2).  The  scope  of  the  SI  and  a  discussion  of 
Base  history  are  outlined  in  Section  1.0.  Field  methodology  and  practices  are 
described  in  Section  2.0.  Section  3.0  summarizes  data  generated  during  the 
field  program.  Findings  and  conclusions  are  in  Sections  4.0  and  5.0,  respec¬ 
tively,  and  Section  6.0  discusses  recommendations  for  future  study  at  the  Base. 


1.1  PURPOSE  AND  APPROACH 

The  purpose  of  the  Base  SI  study  was  to  determine  the  presence  or  absence  of 
contamination  at  Sites  1,  2,  and  5. 


1 . 2  SCOPE 

The  scope  of  the  SI  study  includes  the  field  investigations  described  in  the 
Project  Work  Plan  for  SI,  Remedial  Investigation  (RI),  Feasibility  Study  (FS), 
and  Remedial  Design  (RD)  (E.C.  Jordan  Co.,  1988).  The  SI  field  investigations 
included  the  following: 

o  a  soil  organic  vapor  (S0V)  survey  to  detect  volatile  organic  com¬ 
pounds  (VOCs) 

o  completion  of  14  monitoring  wells  and  two  piezometers 
o  collection  of  six  surface  soil  samples 
o  collection  of  23  subsurface  soil  samples 

o  groundwater  sampling  and  permeability  testing  at  new  monitoring  well 
and  piezometer  locations 

o  laboratory  analysis  of  29  soil  and  14  groundwater  samples 

o  a  survey  of  locations  and  elevations  of  new  monitoring  wells  and 
piezometers 

Prior  to  the  field  investigations,  Jordan  also  reviewed  existing  data,  includ¬ 
ing  previous  geologic  and  hydrogeologic  reports. 
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1.3  HISTORY  AND  PREVIOUS  ENVIRONMENTAL  INVESTIGATIONS 


The  GWA  was  operated  as  a  U.S.  Army  airport  in  the  early  1940s,  and  later  as  a 
USAF  base.  The  Base  has  maintained  operations  at  the  airport  since  1957. 
Various  military  aircraft  types  have  been  based  and  serviced  at  the  Base;  the 
present  mission  is  a  tactical  airlift  group  (i.e.,  the  166th  TAG).  Both  past 
and  present  operations  involved  the  use  of  hazardous  materials  and  disposal  of 
hazardous  wastes . 


1.4  PHYSICAL  AND  CULTURAL  SETTING  NEAR  THE  BASE 


Subsection  1.4  summarizes  the  physical  and  cultural  environment  at  the  Base. 

The  Base  is  situated  on  the  crest  of  a  broad  ridge  approximately  70  feet  above 
sea  level,  between  the  Delaware  and  Christina  rivers  in  New  Castle,  Delaware. 
The  ridge  is  an  erosional  and  apparent  structural  feature  of  the  Coastal  Plain 
Province,  resulting  from  Cretaceous  and  Pleistocene  age  geologic  processes. 
Wilmington,  Delaware's  largest  city,  lies  immediately  north  of  the  Christina 
River,  approximately  3  miles  from  the  Base.  Residential  complexes  are  situated 
250  feet  east,  1,000  feet  west,  and  4,500  feet  south  of  the  Base.  An  in¬ 
dustrial  park  is  situated  1,000  feet  north  of  the  Base.  Hills  of  the 
Appalachian  Piedmont  Province,  with  surface  elevations  reaching  more  than  400 
feet  above  sea  level,  are  approximately  4  miles  northwest  of  Wilmington. 

The  physiography  of  the  57-acre  Base  is  characterized  by  smooth  terrain,  which 
slopes  gently  away  from  a  northwest  to  southeast -trending  broad  ridge  on  the 
eastern  perimeter  of  the  Base.  Two  drainage  ditches  are  located  on  the  Base, 
ultimately  draining  into  the  Christina  River  north  of  the  Base.  The  northwest 
drainage  ditch  (NDD)  begins  off-base,  adjacent  to  Sites  1  and  2,  and  runs  into 
Nonesuch  Creek.  The  SDD  begins  in  an  underground  surface  drainage  culvert  near 
Site  5,  and  runs  directly  into  the  Christina  River  (see  Figure  1-1).  Nonesuch 
Creek  has  associated  wetland  areas.  Much  of  the  Base  is  paved  and  has  been 
graded  to  provide  efficient  runoff  to  the  ditches. 

The  climate  of  this  area  is  tempered  greatly  by  proximity  to  the  Atlantic 
Ocean.  National  Weather  Service  records  for  the  nearby  GWA  show  that  average 
annual  precipitation  was  41.25  inches  from  1956  to  1985,  and  the  net  precipi¬ 
tation  value  was  9.56  inches  per  year.  Average  monthly  precipitation  is 
distributed  relatively  evenly  throughout  the  year.  The  maximum  recorded 
monthly  precipitation  is  generally  7  to  8  inches,  and  record  monthly  minimums 
are  between  0.5  to  1  inch.  The  record  24 -hour  rainfall  is  6.24  inches;  heavy 
rains  occasionally  occur  in  late  summer  and  early  fall.  Most  precipitation 
percolates  into  the  soil  and  moves  into  subsurface  aquifers. 

Average  annual  air  temperature  is  54°F.  January  is  the  coldest  month  and  July 
the  hottest  (temperatures  average  32  and  76°F,  respectively).  The  inflow  of 
southerly  winds  across  large  water  areas  causes  relative  humidity  to  vary 
between  55  and  78  percent  in  a  typical  day. 
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1.5  GEOLOGIC  CHARACTERIZATION 


Subsection  1.5  is  divided  into  two  parts:  a  review  of  the  regional  geologic 
information,  and  a  summary  of  site-specific  conditions  encountered  during  the 
investigation.  The  regional  discussion  is  based  on  material  presented  in 
previous  reports,  published  geologic  literature,  and  visual  observations  made 
in  the  field.  The  site-specific  information  is  based  on  observations  and 
interpretation  of  the  explorations  described  in  Section  3.0. 

1.5.1  Regional  Geology 

The  Coastal  Plain  Province  in  the  Wilmington  area  is  characterized  by  unconsol¬ 
idated  sediments  of  Early  and  Late  Cretaceous  ages,  uncomfortably  overlain  in 
most  places  by  sediments  of  Pleistocene  and/or  Holocene  ages  (Woodruff,  1981). 

The  Cretaceous  deposits,  called  the  Potomac  Formation,  consist  predominantly  of 
fluvial  clays  and  silts  with  some  interbedded  sands.  Available  information 
indicates  that  these  sands  are  commonly  thin  and  irregular  in  the  subsurface. 
The  distribution  and  thickness  of  sand  beds  are  not  mapped  in  the  Wilmington 
area,  including  the  Base;  however,  thickness  has  been  depicted  along  several 
lines  of  section  off-Base  (Woodruff,  1981).  These  sections  suggest  that  the 
shallowest  Potomac  Sand  may  be  only  30  to  40  feet  below  the  land  surface  in  the 
the  Base  vicinity.  The  top  of  the  Potomac  Formation  in  the  Base  vicinity 
appears  to  be  within  approximately  10  feet  of  the  surface  (Woodruff,  1984). 
Apparently,  the  formation  dips  gently  toward  the  southeast. 

The  overlying  Pleistocene  sediments  (i.e.,  the  Columbia  Formation)  consist  of 
poorly  sorted  fluvial  sands  with  some  interbedded  gravels,  silts,  and  clays 
(Woodruff,  1981).  An  isopach  map  of  the  Columbia  Formation  in  the  general  Base 
area  shows  that  the  formation  may  be  thin  to  absent  in  the  northern  part  of  the 
Base  (Woodruff  and  Thompson,  1975)  (Figure  1-3).  This  map  also  indicates  that 
the  thickness  of  the  Columbia  Formation  reaches  approximately  30  feet  at  the 
southeastern  tip  of  the  Base.  Continuity  of  clayey  layers  above  the  water 
table  is  not  known. 

1.5.2  Base  Geology 

A  total  of  16  soil  borings  were  drilled  at  the  Base  during  the  SI  field  program 
(see  Subsection  2.2).  All  the  soil  test  borings  are  interpreted  to  exceed  the 
depth  of  the  Columbia  Formation,  penetrating  the  underlying  Potomac  Formation. 
These  relationships  are  shown  in  basewide  geologic  cross  sections  (Figures  1-4 
through  1-7). 

The  Columbia  and  Potomac  Formations  are  similar;  in  the  absence  of  a  clay  layer 
that  commonly  occurs  between  the  two  formations,  distinguishing  the  boundary  is 
difficult.  Subtle  sedimentological  and  color  differences  are  the  criteria  used 
to  differentiate  between  the  two  formations  when  a  clay  layer  is  not  present. 
Gravel  lenses  commonly  occur  in  the  Columbia  Formation,  and  are  typically 
absent  in  the  Potomac  Formation.  The  Columbia  Formation  is  typically  brown  or 
orange  in  color;  the  Potomac  Formation  commonly  has  lenses  of  red,  purple,  and 
white  clay,  and  blue-gray  sand.  Therefore,  the  absence  of  gravel  lenses  and 
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the  presence  of  the  distinguishing  colors  was  used  to  differentiate  between  the 
two  units  at  the  Base. 

The  Columbia  Formation  was  found  to  generally  consist  of  well-graded  brown, 
orange,  and  olive-colored  stratified  sands  and  silt,  with  some  gravel.  Indi¬ 
vidual  lenses  within  the  formation  are  sometimes  poorly  graded,  with  occasional 
clay  and  silt  lenses.  Thickness  of  the  Columbia  Formation  was  found  to  be 
consistent  throughout  the  study  area,  as  shown  in  Figures  1-5  through  1-7,  with 
a  maximum  observed  thickness  of  24  feet  (MW- 107  and  P-110).  The  observed 
thickness  in  the  southern  portion  of  the  Base  is  consistent  with  estimated 
values  (Woodruff  and  Thompson,  1975).  In  the  northern  portion  of  the  Base  the 
Columbia  Formation  is  approximately  15  to  20  feet  thick,  and  is  not  thin  to 
absent  as  predicted  by  Woodruff  and  Thompson  (1975). 

The  Potomac  Formation  also  showed  variability  in  texture  and  color.  At  Site  5, 
the  upper  portion  of  the  Potomac  Formation  is  a  thick  variegated  red,  gray, 
purple,  and  white  silt  and  clay,  with  a  trace  of  fine  sand.  The  unit  is  stiff, 
dry  to  damp,  and  may  act  as  an  effective  barrier  to  downward  percolation  of 
groundwater.  The  clay  layer  was  also  observed  at  P-112.  The  stiff  clay  at  the 
top  of  the  Potomac  Formation  is  not  observed  at  Sites  1,  2,  and  4.  The  Potomac 
Formation  at  these  sites  the  unit  is  a  bluish-gray  very  fine  silty  sand,  which 
may  represent  the  upper  sandy  zone  (Woodruff,  1981). 

Since  the  clay  layer  observed  between  the  two  units  at  Site  5  and  at  P-112  is 
not  present  at  Sites  1,  2,  4A,  4B,  or  at  the  other  basewide  locations,  the 
contact  between  the  two  formations  at  these  locations  is  not  easily  observed. 
The  boundary  is  interpreted  by  considering  the  lack  of  gravel  and  the  pre¬ 
viously  discussed  color  change  criteria. 


1.6  HYDROGEOLOGIC  CHARACTERIZATION 


This  section  is  divided  into  two  parts:  a  review  of  the  regional  hydrogeologic 
information  and  a  summary  of  site-specific  hydrogeologic  conditions  encountered 
during  the  investigation.  The  regional  discussion  is  based  on  material  from 
previous  reports,  published  geologic  literature,  and  field  observations.  The 
site-specific  information  is  based  on  data  collected  from  explorations 
described  in  Section  3.0. 

1.6.1  Regional  Hydrogeology 

Sandy  zones  within  both  the  Columbia  and  Potomac  formations  serve  as  sources 
(i.e.,  aquifers)  of  public  drinking  water  (Woodruff,  1981).  Several  wellfields 
tapping  the  Potomac  Formation  in  the  area  surrounding  GWA  to  the  south  and  east 
have  been  used  for  many  years . 

A  shallow  water  table  lies  within  the  Columbia  Formation  and  is  believed  to 
nearly  parallel  the  general  topographic  surface.  Because  the  Columbia  Form¬ 
ation  is  variable  in  thickness  (i.e.,  from  10  to  40  feet),  the  water  table 
aquifer  may  also  occur  in  the  upper  portions  of  the  Potomac  Formation 
(Woodruff,  1981).  The  effects  of  supply  pumping  on  the  elevation  of  the  water 
table  are  not  known,  but  are  probably  insignificant.  Therefore,  shallow 
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unconfined  groundwater  is  assumed  to  move  in  topographically  downslope  direc¬ 
tions  . 

The  saturated  zone  of  the  Columbia  Formation  (i.e.,  the  water  table  aquifer) 
serves  as  an  important  regional  source  of  recharge  to  the  underlying  Potomac 
aquifer  via  vertical  leakage.  In  addition,  the  proximity  of  the  Potomac  Forma¬ 
tion  to  the  land  surface  in  the  Base  area  and  the  local  elevation  place  the 
Base  in  the  direct  recharge  area  for  the  upper  sands  of  the  Potomac  Formation 
(Woodruff,  1984). 

Approximately  8.5  million  gallons  per  day  of  groundwater  is  pumped  from  nine 
wellfields  tapping  the  Coastal  Plain  formations  at  Wilmington  (Woodruff,  1984). 
In  the  GWA  area,  pumping  is  largely  from  upper  Potomac  sands.  Approximately 
half  of  the  areal  pumpage  is  derived  from  local  recharge  areas;  the  remainder 
comes  from  expanding  cones  of  depression  (Woodruff,  1984).  The  regional 
groundwater  flow  in  the  Potomac  Formation  is  eastward;  however,  the  effects  of 
pumping  may  locally  perturb  this  relationship.  Details  appear  to  be  lacking; 
however,  potent iometric  drawdown  within  these  depressions  has  reached  below  sea 
level,  which  can  cause  important  changes  in  the  areal  groundwater  flow  pattern. 
Woodruff  implies  that  water  levels  in  wells  tapping  the  Potomac  Formation 
normally  fluctuate  substantially  in  response  to  varying  rates  of  wellfield 
pumping  (Woodruff,  1984). 

Adjacent  to  the  Base  along  Route  141,  two  wells,  approximately  200  feet  deep 
and  owned  by  the  Artesian  Water  Company,  are  seasonally  pumped  to  supplement 
public  supply  from  other  wellfields.  A  third  deep  well  (i.e.,  Airport  No.  1), 
also  along  Route  141,  is  located  on  the  Base  near  Building  2823  (see 
Figure  1-8).  Due  to  reported  drawdown  interference,  this  well  has  not  been 
used  in  recent  years.  No  other  water  supply  or  monitoring  wells  (except  those 
installed  by  Jordan)  exist  on  the  Base  property. 

1.6.2  Base  Hydrogeology 

Interpretation  of  the  Base  hydrogeology  is  based  on  water  level  measurements 
taken  during  the  SI  field  program.  Results  of  the  interpretation  of  these 
measurements  for  the  water  table  aquifer  are  presented  in  a  basewide  water 
level  contour  map  (Figure  1-8).  Water  levels  obtained  November  14,  1988,  were 
used  to  generate  the  contour  map.  Water  level  data  are  tabulated  in 
Appendix  A. 

Data  shown  in  Figures  1-5,  1-6,  and  1-7  demonstrate  the  occurrence  of  at  least 
two  distinct  aquifer  systems  at  the  Base.  At  Site  5,  MW-106  was  drilled 
through  the  Columbia  into  the  Potomac  Formation.  At  the  top  of  the  Potomac 
Formation,  a  thick  silt  and  clay  zone  acts  as  a  local  aquitard,  and  produces  a 
locally  perched  water  table.  The  perched  water  table  is  illustrated  by  the 
water  levels  in  monitoring  wells  MW-107,  MW-108,  MW-109,  and  MW-110.  The  lower 
elevation  of  the  water  level  in  the  deeper  monitoring  well  (MW-106)  is 
established  below  the  aquitard,  and  defines  the  water  table  aquifer.  The 
perched  water  table  is  also  observed  at  P-112;  however,  it  is  not  observed  in 
the  remaining  exploration  sites. 
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The  groundwater  flow  direction  in  the  perched  water  table  in  the  Site  5 
vicinity  is  not  clear.  Water  levels  in  the  perched  water  table  vary,  making 
prediction  of  flow  direction  difficult.  More  definitive  information  on 
groundwater  flow  in  the  perched  water  table  will  be  developed  in  the  RI. 
Hydraulic  conductivities  of  the  screened  intervals  for  the  monitoring  wells 

at  Site  5  have  values  in  the  range  of  4x10  3  to  4x10  4  inches  per  second 

(in/sec)  (10  2  to  10  3  centimeters  per  second  [cm/sec]).  The  existing  data  are 
inadequate  to  definitively  indicate  the  areal  extent  of  the  perched  system,  but 
the  estimated  extent  of  the  clay  layer  is  shown  in  Figure  1-4. 

Locally,  perched  water  resides  above  the  water  table  aquifer,  and  potentially 
serves  to  recharge  the  deeper  water  table  aquifer.  The  integrity  of  the 
aquitard  in  the  Site  5  vicinity  is  unknown.  The  deep  monitoring  well  at  Site  5 
(MW-106)  and  all  other  monitoring  wells  and  piezometers  are  interpreted  to  be 
screened  in  the  more  extensive  water  table  aquifer  (see  Figures  1-5,  1-6,  and 
1-7).  This  deeper,  broader  aquifer  shows  a  southwestward  direction  of  move¬ 
ment,  with  gradients  ranging  from  0.001  to  0.003  ft/ft  (see  Figure  1-7).  Using 

an  assumed  porosity  of  0.3,  the  4x10  3  to  4x10  4  in/sec  (10  2  to  10  3  cm/sec) 
range  of  hydraulic  conductivity  gives  flow  velocities  ranging  from  0.009  to 
0.28  ft/day  (3  to  102  ft/yr). 

At  Sites  1  and  2,  five  soil  borings  and  monitoring  wells  were  installed.  Clay 
layers  that  gave  rise  to  perched  water  above  the  water  table  aquifer  at  Site  5 
are  absent  at  Sites  1  and  2.  On  this  northern  end  of  the  Base  there  is  no 
distinct  contact  between  the  two  formations;  the  Potomac  Formation  has  an  upper 
sand  zone  directly  overlain  by  sands  and  silty  sands  of  the  Columbia  Formation. 
The  water  table  aquifer  occurs  in  these  Potomac  sands  at  Sites  1  and  2. 

The  inferred  flow  direction  at  Sites  1  and  2  is  southwest  (see  Figure  1-8). 

This  direction  is  roughly  the  same  as  groundwater  movement  predicted  from  the 
deeper  wells  within  the  Potomac  Formation  (P-110,  MW- 111,  and  MW- 112)  (see 
Figures  1-5,  1-6,  and  1-8).  Hydraulic  conductivities  at  Sites  1  and  2  are  in 

the  4x10  3  in/sec  (10  2  cra/sec)  range,  with  local  gradients  of  0.01  ft/ft. 

Using  an  assumed  porosity  of  0.3  for  the  sediments,  the  groundwater  flow 
velocity  in  the  Sites  1  and  2  area  was  calculated  at  0.95  ft/day  (i.e., 

345  ft/yr). 

The  potentiometric  heads  for  wells  at  Sites  1  and  2  are  much  higher  than  the 
basewide  pressure  head  within  the  Potomac  Formation,  suggesting  that  Sites  1 
and  2  are  in  a  recharge  area.  The  higher  piezometric  heads  may  also  be  related 
to  either  the  large  paved  area  above  the  piezometers,  which  act  to  minimize 
local  vertical  recharge,  or  the  focusing  of  surface  drainage  recharge  in  the 
NDD  at  Sites  1  and  2,  which  could  artificially  mound  the  groundwater. 
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2 . 0  FIELD  EXPLORATION  PROGRAM 


To  confirm  or  refute  the  existence  of  suspected  environmental  contamination  at 
the  Base,  Jordan  conducted  field  investigations.  The  field  program  ran  from 
September  27  to  November  8,  1988.  These  investigations  focused  mainly  on 
source  characterization;  however,  a  limited  study  of  groundwater  movement  was 
included.  Section  2.0  describes  field  methods  used  during  the  SI  at  the  Base, 
program  changes,  and  problems  encountered  during  the  field  program. 


2.1  SOIL  ORGANIC  VAPOR  SURVEY 


The  SOV  survey,  conducted  at  three  of  the  Base  sites  (Sites  1,  2,  and  5), 
located  previous  source  areas  and  optimized  soil  boring  and  monitoring  well 
locations.  The  SOV  survey  was  conducted  by  Tracer  Research  Corporation  (TRC) 
of  Tucson,  Arizona,  using  methodology  described  in  this  subsection. 

At  each  SOV  sampling  point,  a  1-inch  outside  dimeter  (OD) ,  hollow  steel  probe 
was  driven  into  unsaturated  soil  to  depths  between  3  and  7  feet.  A  vacuum 
pump,  attached  to  the  end  of  the  steel  probe,  was  used  to  withdraw  gas  from  the 
soil  pore  space.  The  gas  was  collected  in  a  syringe  and  analyzed  on-site  using 
a  gas  chromatograph  (GC)  equipped  with  an  electron  capture  detector  for  chlori¬ 
nated  VOCs,  and  a  flame  ionization  detector  for  nonchlorinated  VOCs .  GC 
calibration  standards  for  tetrachloroethene  (PCE),  trichloroethene  (TCE), 
trichloroethane  (TCA),  and  benzene,  toluene,  and  xylene  (BTX)  were  run  to 
enable  identification  of  these  compounds  during  the  survey.  A  Jordan  geologist 
was  present  during  the  entire  SOV  survey  program.  The  results  of  the  SOV 
survey  are  shown  in  Subsection  3.1. 

The  SOV  survey  at  Site  1  focused  on  a  grassy  area  adjacent  to  the  parking  area 
for  the  fuel  tank  trucks  and  in  the  drainage  area  of  the  NDD.  A  total  of 
18  sampling  points,  located  on  a  30-foot  grid,  was  sampled  at  Site  1  (see 
Figure  3-1). 

At  Site  2,  the  SOV  survey  was  concentrated  in  the  area  adjacent  to  the  five 
50,000-gallon  underground  storage  tanks  (USTs)  associated  with  the  POL  build¬ 
ing,  and  in  the  area  impacted  by  the  past  AVGAS  spill  (see  Figure  3-2).  A 
total  of  14  sampling  points,  spaced  at  20-foot  intervals,  was  sampled  in  the 
southern,  western,  and  northern  sides  of  the  POL  pumphouse  facility. 

The  SOV  survey  at  Site  5  totaled  20  sampling  points  along  the  region  where  the 
SDD  was  originally  exposed  (see  Figure  3-3).  Sixteen  points  were  located  on  a 
50-foot  grid,  extending  from  the  southeastern  corner  of  the  base  to  the  south¬ 
ern  end  of  Building  No.  2821.  Four  additional  SOV  points  (SG-10,  SG-11,  SG-12, 
and  SG-20)  were  located  around  SG-8,  where  high  levels  of  total  petroleum 
hydrocarbons  (PHCs)  were  detected. 
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2.2  SOIL  BORINGS 


A  total  of  16  soil  borings  was  completed  during  the  SI  field  program.  Thirteen 
borings  are  site-related  and  three  provide  basewide  geologic  control  locations. 
Monitoring  wells  were  installed  in  the  site-related  soil  borings  and  piezo¬ 
meters  were  installed  in  the  other  basewide  control  locations.  The  soil 
borings  and  monitoring  wells  were  installed  by  John  Mathes  and  Associates,  Inc. 
(Mathes),  and  all  borings  were  advanced  with  a  4.25-inch  inside  diameter  (ID), 
hollow-stem  auger. 

A  total  of  two  soil  borings  were  installed  at  Site  1,  with  boring  depths  of 
22  feet  (MW-101)  and  26  feet  (MW-102).  At  Site  2,  three  soil  borings  (MW-103, 
MW- 104,  and  MW- 105)  were  drilled,  and  the  boring  depths  were  all  approximately 
30  feet.  One  soil  boring  was  installed  at  Site  4A  (MW-112)  and  two  were 
drilled  at  Site  4B  (MW-111  and  MW-111  offset).  The  boring  depths  at  Sites  4A 
and  4B  ranged  from  41  to  49  feet  deep.  Five  soil  borings  were  installed  at 
Site  5  (MW- 106,  MW- 107,  MW- 108,  MW- 109,  and  MW- 110),  and  the  boring  depths 
ranged  from  22  to  41  feet.  Soil  boring  locations  for  Sites  1,  2,  4A,  4B,  and  5 
are  shown  in  Figures  3-4  through  3-7. 

Three  soil  borings  were  also  installed  at  two  basewide  locations  (P-110  and 
P-112/P-112  offset)  ranging  from  34  to  41  feet  deep  (see  Figure  1-4). 


2.3  SUBSURFACE  SOIL  SAMPLING 

Subsurface  soil  samples  from  the  borings  were  collected  using  2-foot-long, 
split-spoon  samplers  at  5-foot  and  continuous  intervals;  analytical  soil 
samples  were  taken  from  nine  of  the  borings.  Soil  samples  were  screened  for 
VOCs  with  a  photoionization  (PI)  meter  immediately  after  the  split-spoon 
sampler  was  opened.  Samples  v  also  screened  using  a  field  GC.  The  PI  meter 
and  GC  field-screening  results  were  used  to  select  samples  for  laboratory 
analysis.  A  Jordan  geologist  was  present  during  the  soil  boring  program; 
boring  logs  are  in  Appendix  B.  Drill  cuttings  from  soil  borings  associated 
with  high  GC  or  PI  meter  readings  were  contained  in  55-gallon  drums.  Cuttings 
were  contained  from  MW-103,  MW-104,  MW-108,  MW-111  Offset,  and  MW-111. 


2.4  SURFACE  SOIL  SAMPLING 


Surface  soil  samples  were  collected  from  six  locations  at  Sites  1  and  2,  and 
were  distinct  from  the  soil  boring  locations  (see  Figures  3-4  and  3-5). 
Samples  were  screened  for  VOCs  with  a  PI  meter  immediately  after  the  ground 
surface  was  broken,  and  V0C  samples  were  taken.  Using  a  spade,  two  or  three 
samples  from  a  3-foot  circular  area  were  composited  laterally  and  SV0C,  total 
PHC,  and  lead  samples  were  taken. 


2.5  MONITORING  WELL  AND  PIEZOMETER  INSTALLATION 

Monitoring  wells  and  piezometers  were  constructed  identically  consisting  of 
2-inch  ID,  flush- jointed  Schedule  40  polyvinyl  chloride  (PVC),  with  0.01-inch 
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slot  PVC  screens.  Each  monitoring  well  or  piezometer  consists  of  a  5-  or 
10-foot  screened  interval  at  the  bottom  of  the  boring.  Well  screens  were 
placed  with  approximately  2  feet  of  the  screen  in  the  vadose  zone.  A  suf¬ 
ficient  amount  of  2-inch  ID  flush- jointed  riser  was  added  above  the  screen  to 
reach  approximately  2  feet  above  ground  surface.  A  vented,  plastic  cap  was 
installed  on  each  monitoring  well  and  piezometer  (see  Appendix  B).  The  moni¬ 
toring  wells  and  piezometers  are  constructed  identically;  however,  the  two 
installations  are  distinct  in  their  planned  uses.  Monitoring  wells  are  planned 
to  be  sampled;  piezometers  are  designed  to  provide  hydrogeologic  information 
only,  without  sampling. 

Before  installation,  each  borehole  was  advanced  and/or  backfilled  to  the 
desired  installation  depth.  Monitoring  wells  and  piezometers  were  installed 
through  4.25-inch  ID,  hollow-stem  augers.  Clean  silica  sand  was  used  as 
backfill  around  the  screened  portion  of  the  well.  The  sandpack  was  extended  a 
minimum  of  2  feet  above  the  top  of  the  screen,  and  a  3-foot  bentonite  pellet 
seal  was  placed  above  the  sandpack.  During  installation  operations,  the  augers 
were  withdrawn  in  small  increments  to  avoid  disturbing  the  sandpack  and  expos¬ 
ing  the  borehole  sides  above  the  backfill.  Above  the  bentonite  seal,  the 
borehole  was  backfilled  with  cement -bentonite  grout  to  the  ground  surface. 

Metal  protective  casings  were  cemented  in  place,  and  the  wells  and  piezometers 
were  locked  with  brass,  keyed-alike  locks. 

After  the  installations  were  completed,  monitoring  wells  and  piezometers  were 
developed.  Well  development  was  accomplished  by  continuously  pumping  the  well 
for  2  to  3  hours,  or  until  the  discharge  was  visually  clean.  Development  water 
from  monitoring  wells  and  piezometers  with  high  PI  meter  readings  was  contained 
in  55-gallon  drums.  Monitoring  wells  and  piezometers  in  which  development 
water  was  contained  include  MW-101,  MW-103,  MW-104,  MW-105,  MW-106,  MW-107, 
MW-138,  MW- 109 ,  MW-110,  MW-111,  MW-111  offset,  MW-112,  P-112,  and  P-112  offset. 

At  the  completion  of  field  activities,  a  ground  survey  of  monitoring  wells  and 
piezometers  was  conducted  by  J.M.  Stewart,  Inc.  (Stewart),  of  Philadelphia, 
Pennsylvania.  The  vertical  datum  is  NGVD  1929  and  the  horizontal  datum  is  the 
Delaware  Plane  Coordinates  1983  adjustment.  Both  horizontal  and  vertical 
control  originated  from  the  NOAA  monument,  Hare  2.  Well  elevations,  ground 
surface  elevations,  and  horizontal  locations  were  determined  to  the 
nearest  0.01,  0.01,  and  0.1  foot,  respectively.  Ground  survey  data  are  pre¬ 
sented  in  Appendix  A. 


2.6  AQUIFER  TESTING 

Rising-head  permeability  tests  were  performed  on  monitoring  wells  and  piezome¬ 
ters  to  estimate  hydraulic  conductivity  of  the  aquifer  at  each  location.  To 
perform  this  test,  the  water  in  the  well  was  instantly  depressed;  recovery  to 
static  level  was  accurately  monitored  through  measurements  made  logarithmically 
with  time.  The  water  table  recovery  was  monitored  by  an  In-situ  Hermit  Data 
Logger  with  a  20-pounds-per-square-inch  pressure  transducer. 

The  test  apparatus  operated  as  follows.  First,  the  pressure  transducer  was 
emplaced  and  initialized.  A  3-foot-long,  1-inch  0D  slug  was  then  lowered  to  a 
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minimum  of  6  inches  above  the  transducer,  and  the  well  was  allowed  to  equili¬ 
brate.  The  slug  was  removed,  depressing  the  water  level,  and  the  water  table 
recovery  was  monitored  by  the  data  logger.  Two  rising-head  tests  were  per¬ 
formed  on  each  monitoring  well  and  piezometer.  Data  collected  from  the 
rising-head  tests  were  analyzed  by  the  Hvorslev  method  (Hvorslev,  1951).  Plots 
of  these  data  and  a  sample  calculation  to  determine  hydraulic  conductivity  are 
included  in  Appendix  D.  The  tabulated  hydraulic  conductivity  values  represent 
an  average  of  the  two  tests  at  each  monitoring  well  or  piezometer. 


2 . 7  GROUNDWATER  SAMPLING 

A  single  round  of  groundwater  samples  was  collected  from  all  newly  installed 
monitoring  wells  to  characterize  the  extent  and  type  of  contaminants  present  in 
the  groundwater  in  the  water  table  aquifer  (see  Subsection  3.3  for  site-by-site 
discussion  of  groundwater  analytical  data).  Groundwater  samples  were  labeled, 
preserved,  and  shipped  to  CompuChem  Laboratories,  Inc.  (CompuChem) ,  for  VOC, 
SVOC,  total  PHC,  and  lead  analysis.  Chain-of-custody  procedures  and  Quality 
Assurance  Project  Plan  (QAPP)  requirements  were  followed.  Sampling  purge  water 
from  monitoring  wells  and  piezometers  with  high  PI  meter  readings  was  contained 
in  55-gallon  drums  along  with  the  development  water. 


2.8  DISPOSAL  OF  WASTES 


Based  on  field  PI  meter  measurements,  various  of  waste  materials  were  contained 
during  the  SI  field  program.  Five  soil  borings  had  soil  cuttings  contained 
(see  Subsection  2.2),  and  developing  and  purge  water  from  14  monitoring  wells 
and  piezometers  was  contained  (see  Subsections  2.5  and  2.7).  The  soil  and 
water  waste  materials  were  analyzed  for  parameters  indicated  by  the  Delaware 
Department  of  Natural  Resources  and  Environmental  Control  (DNREC),  including 
Target  Compound  List  (TCL)  VOCs  and  SVOCs,  Priority  Pollutant  inorganics,  TCL 
pesticides  and  PCBs,  and  Resource  Conservation  and  Recovery  Act  (RCRA)  charac¬ 
teristics  tests.  Results  from  the  laboratory  analysis  were  submitted  to  the 
DNREC  along  with  proposed  methods  of  disposal.  Following  discussions  with  the 
DNREC  and  New  Castle  County  Department  of  Public  Works,  soil  cuttings  from 
MW-103  was  disposed  at  the  State  of  Delaware  Solid  Waste  Landfill  and  all  other 
soils  were  disposed  on-base.  Wastewater  was  disposed  into  the  New  Castle 
County  water  treatment  system,  using  sewer  lines  located  on-base. 


2.9  ANALYTICAL  PROGRAM 


Using  Contract  Laboratory  Program  (CLP)  protocols  with  full  data  validation 
(except  for  PHCs),  VOCs,  SVOCs,  total  PHCs,  and  lead  were  analyzed  on  the  six 
surface  soil  composites,  the  23  selected  subsurface  soil  samples,  and  the 
14  groundwater  samples  by  CompuChem.  Methodology  is  described  in 
Subsection  3.2.  All  chain-of-custody  procedures  and  QAPP  requirements  were 
followed.  Portions  of  all  samples  were  placed  in  jars  designated  for  VOC 
field-screening,  and  drillers'  jars  (test  boring  samples  only)  for  reference 
purposes.  Sieve  analyses  of  selected  test  boring  samples  are  in  Appendix  C. 
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2.10  SI  PROGRAM  CHANGES  AND  FIELD  PROBLEMS 


Eight  monitoring  wells  at  three  sites  (Sites  1,  2,  and  5)  and  four  basewide 
piezometers  were  initially  planned  for  the  SI  program  (E.C.  Jordan  Co.,  1988). 
During  the  installation  of  basewide  piezometers  in  the  Site  4  vicinity,  field 
screening  results  indicated  the  presence  of  contamination.  Since  Site  4  had 
been  previously  identified  as  a  potential  hazardous  waste  site,  monitoring 
wells  were  installed  and  the  two  basewide  locations  in  the  Site  4  vicinity  were 
designated  Sites  4A  and  4B  (see  Section  1.0).  At  Site  5,  perched  water  was 
encountered  above  the  water  table  aquifer.  To  monitor  this  perched  water  and 
also  evaluate  the  deeper  water  table  aquifer  (MW-106),  an  additional  monitoring 
well  (MW- 109)  was  installed  and  screened  in  the  perched  water. 

Initially,  only  the  monitoring  wells  at  Sites  1,  2,  and  5  were  to  be  sampled. 
However,  field-screening  results  of  soils  from  two  of  four  basewide  locations 
(Site  4A  [MW-112]  and  Site  4B  [MW-111])  during  the  drilling  effort  indicated 
significant  levels  of  contamination;  therefore,  groundwater  was  sampled  at 
MW-111  and  MW-112. 

During  well  development,  the  drilling  subcontractor  (i.e.,  Mathes)  potentially 
impacted  two  monitoring  wells  and  one  piezometer  (MW- 109,  MW-111,  and  P-112). 
The  monitoring  wells  and  piezometers  were  developed  using  an  air  compressor  for 
air-lifting  water.  Jordan  geologists,  upon  periodic  inspection  of  well 
development  at  MW- 109,  observed  that  the  backup  air  filter  on  the  air  line  was 
saturated  with  oil.  A  sheen  of  oil  was  also  observed  on  top  of  contained  well 
development  water.  Recognizing  that  other  monitoring  wells  and  piezometers  may 
have  been  similarly  impacted,  Jordan  personnel  checked  the  contained  developing 
water  from  monitoring  wells  and  piezometers  developed  before  MW-109.  The  sheen 
of  oil  on  the  contained  developing  water  was  observed  on  the  P-112  and  MW-111 
water  surface,  the  last  two  installations  developed  before  MW-109.  An  oily 
sheen  was  not  observed  at  MW-112,  which  was  developed  before  P-112  and  MW-111. 
The  defective  air  compressor  was  replaced  and  the  potentially  contaminated 
wells  were  redeveloped  to  minimize  contamination  to  groundwater. 

In  addition,  the  monitoring  well  and  piezometers  were  replaced  by  Mathes. 

MW-110  replaced  MW-109,  and  P-112  offset  and  MW-111  offset  replaced  P-112  and 
MW-111,  respectively.  MW-109  and  MW-111  were  sampled  to  evaluate  the  effects 
of  oil  on  groundwater  composition.  These  data  are  included  in  Appendix  G. 

The  resulting  data  between  the  two  wells  appears  to  be  consistent  and  is 
included  in  this  report  for  comparison  purposes.  In  future  work,  only  MW-111 
offset  will  be  used  as  the  monitoring  point.  V0C  and  SVOC  compounds  in 
MW-109  and  MW-110  also  reflect  no  potential  contamination  from  the  development 
process.  However,  total  PHCs  were  detected  in  MW-109  (8  parts  per  million 
[ppm]),  which  are  probably  related  to  oil  from  the  air  compressor.  The  moni¬ 
toring  well  and  piezometers  (MW-109,  P-112,  and  MW-111)  contaminated  during 
well  development  will  be  removed  and  the  borings  grouted  according  to  DNREC 
regulations . 
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3.0  FIELD  AND  ANALYTICAL  RESULTS 


Section  3.0  includes  a  summary  of  investigations,  field  observations,  and 
analytical  sampling  of  soil  and  water  samples.  Subsection  3.1  presents  the 
data  compiled  from  the  SOV  surveys  at  Sites  1,  2,  and  5.  The  data  from  soil 
samples  obtained  from  test  borings  and  surface  sampling  are  presented  in 
Subsection  3.2,  and  the  groundwater  analyses  are  summarized  in  Subsection  3.3. 


3.1  SOIL  ORGANIC  VAPOR  SURVEY  DATA 


The  soil  gas  data  are  presented  in  Subsections  3.1.1  through  3.1.3.  Total  PHC 
and  total  halocarbons  (i.e.,  the  sum  of  PCE,  TCE,  and  TCA)  for  each  SOV  sam¬ 
pling  point  are  in  Table  3-1.  Elevated  levels  of  total  PHCs  were  found  at 
Sites  2  and  5;  Site  5  also  had  elevated  levels  of  total  halocarbons.  Site  1 
had  only  low  values  for  total  halocarbons  and  nondetect  values  for  total  PHC. 
Complete  analytical  results,  methodology,  equipment,  analytical  and  quality 
assurance/quality  control  procedures,  and  the  data  report  prepared  by  TRC  are 
contained  in  Appendix  E. 

3.1.1  Site  1 


A  total  of  18  sampling  points  was  included  in  the  SOV  survey  at  Site  1 
(Figure  3-1).  Total  PHC  data  show  low  levels  across  the  whole  site.  Total 
halocarbon  values  were  also  low,  with  the  highest  values  less  than  1  microgram 
per  liter  (yg/fc) . 

3.1.2  Site  2 


Fourteen  SOV  sampling  points  were  located  at  Site  2  (Figure  3-2) .  Several 
points  have  high  levels  of  total  PHCs  (1,800  to  58,000  pg/fc)  and  BTX.  The  SOV 
sampling  points  with  these  high  values  are  located  on  the  southwest  (SG-57, 
SG-58,  and  SG-59)  and  northwest  (SG-61,  SG-62,  SG-63,  SG-64,  and  SG-67)  sides 
of  Building  2701  (see  Table  3-1  and  Figure  3-2).  These  high  total  PHCs  and  BTX 
values  are  indicative  of  elevated  levels  of  subsurface  fuel-related  contami¬ 
nation.  Several  sampling  points  (SG-60,  SG-65,  and  SG-66)  adjacent  to  those 
with  high  total  PHCs  record  low  values  of  total  PHC  and  BTX.  The  reason  for 
these  anomalously  low  readings  are  not  clear;  however,  it  may  be  related  to 
subsurface  permeability  variations  or  construction  details  that  inhibit 
mobility  of  SOVs .  The  total  halocarbons  for  all  SOV  sampling  points  at  Site  2 
have  values  less  than  0.50  yg/fc.  Based  on  these  results,  soil  borings  and 
monitoring  wells  were  located  near  the  high  values  of  total  PHCs. 

3.1.3  Site  5 


The  SOV  survey  at  Site  5  totaled  20  sampling  points,  and  the  results  indicate 
two  areas  of  contamination  (Figure  3-3).  One  area  associated  with  SOV  sampling 
points  SG-8,  SG-10,  SG-11,  SG-12,  and  SG-20,  southeast  of  Building  2818,  has 
total  PHC  values  ranging  from  760  to  8,000  yg/fc,  but  low  halocarbons.  The 
other  SOV  sampling  points  at  Site  5  have  low  values  for  total  PHCs  in  the 
vicinity  of  the  fenced  storage  area. 
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TABLE  3-1 

RESULTS  OF  SOV  SURVEY 

166th  TAG  SITE  INSPECTION 
NEW  CASTLE,  DELAWARE 


TOTAL  TOTAL  PETROLEUM 

SAMPLE _ HALOCARBONS  (ug/2)  HYDROCARBONS  Cug/£) 


SITE  1  SG-39 

0.12 

<0.1 

SG-40 

0.08 

<0.1 

SG-41 

0.014 

<0.1 

SG-42 

0.012 

SG-43 

0.055 

<0.1 

SG-44 

0.63 

<0.1 

SG-45 

0.12 

<0.1 

SG-46 

0.3 

<0.1 

SG-47 

0.24 

<0.1 

SG-48 

0.1 

<0.1 

SG-49 

0.024 

<0.1 

SG-50 

0.096 

<0.1 

SG-51 

0.609 

<0.1 

SG-52 

0.16 

<0.1 

SG-53 

0.07 

<0.1 

SG-54 

0.058 

<0.1 

SG-55 

0.05 

<0.1 

SG-56 

0.08 

<0.1 

SITE  2 

SG-57 

0.2103 

3,400 

SG-58 

0.121 

38,000 

SG-59 

0.222 

20,000 

SG-60 

0.236 

<0.1 
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TABLE  3-1 
(continued) 

RESULTS  OF  SOV  SURVEY 

166th  TAG  SITE  INSPECTION 
NEW  CASTLE,  DELAWARE 


TOTAL  TOTAL  PETROLEUM 

SAMPLE _ HALOCARBONS  (ug/E)  HYDROCARBONS  (mk/£) 


SITE  5 


SG-61 

0.092 

44,000 

SG-62 

0.084 

58,000 

SG-63 

0.042 

30,000 

SG-64 

0.072 

26,000 

SG-65 

0.074 

<0.1 

SG-66 

0 . 0052 

<0. 1 

SG-67 

0.009 

1,800 

SG-68 

0.0067 

0.9 

SG-69 

0.0058 

<0.1 

SG-70 

0.0051 

2,400 

SG-01 

0.0244 

<0.1 

SG-02 

0.08 

<0.1 

SG-03 

0.042 

<0.1 

SG-04 

0.0033 

<0.1 

SG-05 

0.03 

<0.1 

SG-06 

0.18 

<0.1 

SG-07 

0.17 

<0.1 

SG-08 

0.324 

760 

SG-09 

0.33 

<0.1 

SG-10 

0.214 

4,300 

SG-11 

0.233 

1,500 

SG-12 

0.086 

180 

SG-13 

2.08 

2 

SG-14 

2.089 

0.2 

SG-15 

0.72 

<0.1 

SG-16 

0.184 

<0.1 

SG-17 

0.409 

<0.1 

SG-18 

3.09 

<0.1 

SG-19 

7.35 

<0.1 

SG-20 

0.1068 

8,000 

1.89.46T 

0002.0.0 
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A  second  area  of  contamination  illuminated  by  the  SOV  survey  is  located  around 
a  fenced  storage  compound  south  of  Building  2825.  SOV  sampling  points  SG-13, 
SG-14,  SG-18,  and  SG-19  have  PCE  levels  ranging  from  2  to  7  yg/8..  These  values 
are  greater  than  background  values,  indicating  the  potential  for  soil  halo- 
carbon  contamination.  Based  on  SOV  survey  results,  monitoring  wells  were 
placed  along  the  fenced  storage  area  and  adjacent  to  the  anomalous  total  PHC 
SOV  sampling  points. 


3.2  SOIL  ANALYTICAL  DATA 

Soil  data  from  soil  borings  and  surface  sampling  points  are  summarized  in 
Subsections  3.2.1  through  3.2.4.  Twenty-nine  soil  samples  were  collected 
during  the  SI  field  program  and  analyzed  for  TCL  VOC  and  SVOC  compounds,  lead, 
and  total  PHC.  CLP  methods  were  used  for  VOC,  SVOC,  and  lead  analysis,  and 
U.S.  Environmental  Protection  Agency  (USEPA)  Methods  3550/418.1  were  used  for 
PHC  analysis.  Duplicate  analysis  were  performed  on  10%  of  the  samples  and 
typically  gave  results  in  the  acceptable  range  (see  Appendix  F) .  Background 
soil  samples  were  not  taken  as  part  of  the  SI  program.  Contaminated  soils  were 
observed  at  Sites  1,  2,  4B,  and  5. 

3.2.1  Site  1 


Eight  soil  samples  and  one  duplicate  were  taken  at  Site  1  (i.e.,  three  surface 
locations  and  five  soil  samples  from  two  soil  borings  [MW-101  and  MW-102]). 
Sampling  locations  and  depths  are  shown  in  Figure  3-4.  Surface  soil  sampling 
points  SS-101  and  SS-102  are  located  in  the  NDD,  while  SS-103  is  situated 
adjacent  to  the  fuel  truck  parking  area  (see  Figure  3-4). 

Analytical  data  (see  Appendix  F) ,  demonstrate  that  TCL  VOCs  are  absent  from 
both  surface  and  subsurface  soil  samples.  SVOCs  are  also  not  observed  in  soil 
samples  from  soil  borings;  however,  surface  soil  samples  from  the  NDD  (SS-101 
and  SS-102)  contain  abundant  TCL  SVOCs  (see  Figure  3-4).  The  SVOCs  are  a  set 
of  11  polynuclear  aromatic  hydrocarbons  (PAHs).  A  similar  distribution  was 
observed  for  total  PHC  and  lead.  Subsurface  soils  exhibit  low  values  for  lead 
(1  to  5  ppm)  and  no  PHCs,  while  SS-101,  SS-102,  and  SS-103  are  associated  with 
total  PHCs  of  150  to  400  ppm  and  lead  values  approximately  5  to  10  times  that 
of  background  values.  Bis (2-ethylhexyl)phthalate ,  detected  in  SS-103 
(1,000  parts  per  billion  [ppb]),  is  a  common  laboratory  contaminant  detected  in 
the  blank;  therefore,  it  will  not  be  considered  further.  The  distribution  of 
contamination  and  specific  analytes  present  at  Site  1  are  shown  in  Figure  3-4. 

3.2.2  Site  2 


Ten  soil  samples  and  two  duplicates  were  collected  at  Site  2.  Three  samples 
are  from  surface  soil  locations;  the  other  seven  are  from  soil  borings 
(Figure  3-5). 

Analytical  data  demonstrate  the  presence  of  contamination  at  several  sampling 
locations  (see  Appendix  F) .  The  distribution  of  contamination,  specific 
analytes  present  and  sampling  depths  are  represented  in  Figure  3-5.  VOCs, 
observed  in  soils  from  MW-103,  MW-104,  and  SS-105,  include  benzene, 
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ethylbenzene,  and  total  xylenes.  VOC  contamination  in  soils  from  MW-103  and 
MW-104  is  observed  only  in  the  deepest  sample  in  each  soil  boring  (24  and 
21  feet,  respectively).  The  level  of  VOC  contamination  varies  from  slightly 
greater  than  background  values  in  soil  from  MW-104,  to  extremely  high  values 
(i.e.,  from  2,000  to  10,000  ppb)  in  soils  from  MW-103  and  SS-105. 

The  distribution  of  SVOCs  and  PHCs  in  subsurface  soils  is  similar  to  VOCs. 

Soils  from  MW-103  and  MW-104  contain  abundant  SVOC  (500  to  20,000  ppb)  and  PHC 
(140  to  1,100  ppm)  contamination,  with  no  detected  SVOCs  or  PHCs  in  soils  from 
MW-105.  As  with  the  VOCs,  the  levels  of  SVOC  and  PHC  contamination  increase 
with  sample  depth  in  the  borings. 

The  surface  soils  (SS-105  and  SS-106)  also  demonstrate  the  presence  of  signifi¬ 
cant  SVOC  (700  to  13,000  ppb)  and  PHC  (500  to  3,400  ppm)  contamination.  SVOCs 
include  PAHs ,  which  are  indicative  of  fuel-related  contamination.  Results  from 
the  lead  analysis  indicate  background  values  in  subsurface  soil  samples  and 
values  ranging  from  18  to  35  ppm  for  surface  soil  samples. 

3.2.3  Site  4B 


Soil  samples  were  collected  from  one  other  location  for  analysis.  During  the 
drilling  program,  field-screening  results  from  MW- 111  indicated  the  potential 
for  significant  hydrocarbon  contamination  from  deep  samples;  as  a  result,  one 
analytical  sample  was  taken  (Figure  3-6).  Results  are  consistent  with  the 
field-screening  results  (see  Appendix  F) .  The  contamination  and  sampling  depth 
reported  from  MW-111  is  summarized  in  Figure  3-6.  VOCs  detected  include 
ethylbenzene  and  total  xylenes  (17,000  and  74,000  ppb,  respectively).  SVOCs 
(naphthalene  at  11,000  ppb  and  2-methylnaphthalene  at  31,000  ppb)  and  total 
PHCs  (420  ppm)  were  also  detected  at  high  levels.  No  lead  was  reported  from 
the  soil  sample  at  MW-111. 

3.2.4  Site  5 


Soil  sampling  at  Site  5  was  restricted  to  soil  borings  only.  Seven  samples 
were  collected  from  test  borings  at  MW-106,  MV-107,  and  MW-108.  Figure  3-7 
illustrates  these  exploration  locations. 

Analytical  data  for  siil  samples  are  in  Appendix  F.  The  distribution  and 
concentration  of  contamination  and  sampling  depth  are  summarized  in  Figure  3-7. 
VOC  contamination  was  observed  in  only  the  shallowest  sample  (4  feet)  of 
MW-108,  where  17,000  ppb  of  total  xylenes  were  reported.  SVOC  and  total  PHC 
contamination  also  was  observed  only  in  soils  from  MW-108.  The  three  analyt¬ 
ical  samples  from  MW-108  detected  naphthalene  (500  to  4,000  ppb),  2-methyl¬ 
naphthalene  (500  to  8,500  ppb),  and  PHCs  (440  to  1,200  ppm).  SVOC  and  total 
PHC  concentrations  decreased  with  sample  depth.  Results  of  lead  analyses 
indicate  low  values  in  all  soil  samples. 


3.3  GROUNDWATER  ANALYTICAL  DATA 

Groundwater  data  from  monitoring  wells  and  piezometers  are  summarized  in 
Subsections  3.3.1  through  3.3.4.  During  the  SI  field  program,  14  groundwater 
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samples  were  collected  and  analyzed  for  TCL  VOCs  and  SVOCs,  lead,  and  total 
PHCs.  CLP  methods  were  used  for  VOC,  SVOC,  and  lead  analysis,  and  USEPA 
Methods  3550/418.1  were  used  for  PHC  analysis.  Duplicate  analysis  was  per¬ 
formed  on  10%  of  the  samples  and  typically  gave  results  in  the  acceptable  range 
(see  Appendix  F).  Contaminated  groundwater  was  observed  at  all  sites.  Most 
contamination  was  related  to  hydrocarbons;  however,  halocarbons  were  detected 
in  groundwater  at  Sites  1,  4A,  and  5. 

3.3.1  Site  1 


Groundwater  was  sampled  from  MW-101  and  MW-102  at  Site  1  (see  Figure  3-4);  the 
results  are  in  Appendix  G.  Analytical  data  from  water  samples  at  Site  1  are 
summarized  in  Figure  3-8.  TCL  organic  analytes  (i.e.,  VOCs  or  SVOCs),  total 
PHCs,  and  lead  were  not  detected  in  groundwater  from  MW-102.  However,  ground- 
water  from  MW-101  contained  several  VOCs  (i.e.,  1 , 1-dichloroethane  [DCA] ,  2- 
butanone,  benzene,  and  ethylbenzene);  these  concentrations  ranged  from  6  to 
30  yg/d.  As  in  MW-102,  no  SVOCs,  lead,  or  total  PHCs  were  detected  in  water 
from  MW-101. 

3.3.2  Site  2 


Three  groundwater  samples  and  one  duplicate  were  collected  at  Site  2.  Monitor¬ 
ing  wells  sampled  included  MW-103,  MW-104,  and  MW-105,  with  a  duplicate  sample 
of  MW-103;  analytical  data  are  in  Appendix  G.  Analytical  data  for  Site  2  are 
summarized  in  Figure  3-9.  Significant  levels  of  VOC  contamination  were  re¬ 
ported  in  MW-103  and  MW-104,  with  somewhat  lower  levels  reported  in  MW-105. 

VOC  contaminants  include  benzene  (75  to  2,000  yg/d),  toluene  (0  to  9,300  yg/d), 
ethylbenzene  (40  to  800  yg/d),  and  total  xylenes  (0  to  3,800  yg/d). 

A  wide  range  in  SVOCs,  total  PHCs,  and  lead  contamination  was  also  observed  in 
groundwater  samples  from  Site  2.  MW-103  exhibits  a  large  variety  of  SVOCs, 

with  concentrations  ranging  from  500  to  100,000  yg/d.  A  large  concentration 
range  was  reported  for  SVOCs  between  MW-103  and  the  duplicate.  This  variabil¬ 
ity  is  probably  due  to  the  presence  of  free  product  in  MW-103  (see  Sub¬ 
section  4.1.2),  which  is  supported  by  the  results  for  total  PHCs,  with  6.8  and 

1.2  volume  percent  reported  for  the  sample  and  duplicate.  SVOCs  were  not 
detected  in  groundwater  from  MW-105.  Several  SVOCs  were  reported  in  groundwa¬ 
ter  from  MW-104,  at  concentrations  in  the  50  to  100  yg/d  range.  The  total  PHCs 
concentration  ranges  from  approximately  5  yg/d  in  MW-104  and  MW-105,  to  the 
presence  of  free  product  in  MW-103.  Lead  values  range  from  12  yg/d  in  MW-105, 
to  approximately  130  yg/d  in  MW-103  and  MW-104. 

3.3.3  Sites  4A  and  4B 

Groundwater  samples  were  collected  from  basewide  monitoring  wells  MW-111 
(Site  4B)  and  MW-112  (Site  4A) .  Results  are  presented  in  Appendix  G  and 
summarized  in  Figure  3-10.  VOCs  were  detected  in  both  monitoring  wells; 
however,  hydrocarbons  were  only  observed  in  MW-111  and  MW-111  offset  and 
halogenated  solvents  were  only  reported  in  MW-112.  Benzene  (7,900  to 
8,600  yg/d),  toluene  (13,000  yg/d),  ethylbenzene  (850  to  1,000  yg/d),  and  total 
xylenes,  (3900  to  4,300  yg/d)  were  found  in  MW-111  and  MW-111  offset;  TCE 
(9  yg/d)  and  PCE  (7  yg/d)  were  reported  in  MW-112. 
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SVOCs  and  total  PHCs  were  not  detected  in  MW-112;  however,  naphthalene  (150  to 
190  yg/d),  2-methylnaphthalene  (130  to  150  yg/d),  and  total  PHCs  (35.1  to 
6.6  mg/d)  were  reported  in  MW-111  and  MW-111  offset.  Lead  was  reported  in  both 
piezometers.  Low  values  were  found  in  MW-112  (8  yg/d),  and  elevated  values 
were  found  in  MW-111  and  MW-111  offset  (112  to  135  yg/d). 

3.3.4  Site  5 


Five  analytical  samples  and  one  duplicate  were  collected  at  Site  5.  The 
results  demonstrate  the  presence  of  both  hydrocarbon  and  halogenated  solvent 
groundwater  contamination  (see  Appendix  G).  The  groundwater  contamination 
observed  at  Site  5  is  summarized  in  Figure  3-11. 

VOC  hydrocarbons  were  observed  only  in  MW-108  and  include  benzene  (7  yg/d), 
ethylbenzene  (54  yg/d),  and  total  xylenes  (58  yg/d).  PCE  was  the  only  VOC 
detected  in  groundwater  from  MW-106,  MW-107,  MW-109,  and  MW-110,  ranging  from  6 
to  12  yg/d.  SVOCs  and  total  PHCs  were  not  detected  in  the  monitoring  wells 
with  PCE  except  for  MW-109,  where  8  yg/d  total  PHCs  were  reported.  This  value 
is  thought  to  be  related  to  well  development  contamination  (see  Sub¬ 
section  2 . 10) . 

SVOCs  and  total  PHCs  were  detected  in  groundwater  from  MW-108;  however,  most 
SVOC  data  were  rejected  during  data  validation  (the  levels  reported  were  all 
below  detection  limits.  See  Appendix  G-2).  Naphthalene,  the  only  nonrejected 
compound,  occurred  at  a  low  concentration  (15  yg/d).  Total  PHCs  were  detected 
in  the  duplicate  analysis  for  MW-108  (2.1  yg/d),  but  not  in  the  original 
sample. 

Lead  was  observed  in  several  groundwater  samples  at  Site  5.  MW-106,  MW-108, 

MW-109,  and  MW-110  detected  lead  ranging  from  60  to  160  yg/d;  however,  lead  was 
not  reported  for  MW-107. 
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4.0  FINDINGS 


The  findings  presented  in  this  section  are  based  on  Jordan's  field  investiga¬ 
tions  and  review  of  existing  data  and  reports.  The  current  understanding  of 
the  source  contamination  status  is  in  Subsection  4.1. 


4.1  SOURCE  CHARACTERIZATION 


Jordan  evaluated  three  sites  for  the  presence  or  absence  of  contamination  and 
observed  contamination  at  two  other  locations.  Fuel-related  contamination  was 
observed  at  the  three  sites,  and  solvent  contamination  was  observed  at  Sites  1 
and  5.  Unanticipated  contamination  was  also  observed  at  Sites  4A  and  4B.  The 
following  subsections  describe  the  nature  of  the  observed  contamination  at  the 
five  sites. 

4.1.1  Site  1 


Various  types  of  hydrocarbon  contamination  are  found  at  Site  1.  MW- 102  and 

SS-103  were  located  in  the  area  indicated  to  be  impacted  by  the  practice  of 
refueler  trucks  periodically  purging  tanks  (see  Figure  1-2).  The  land  surface 
slopes  west,  toward  the  NDD  (approximately  100  feet  away),  leading  away  from 
Base  property.  Results  of  analytical  soil  and  water  data  do  not  indicate  the 
presence  of  TCL  VOCs  and  SVOCs  in  this  area,  but  PHCs  were  found  in  SS-103. 

Hydrocarbon  contamination  was  observed  in  groundwater  from  MW-101  (VOCs)  and  in 
surface  soil  samples  (SVOCs  and  PHCs)  in  from  the  NDD  (SS-101  and  SS-102).  The 
contamination  does  not  appear  related  to  tank  purging  because  both  the  ditch 
and  MW-101  are  downslope  from  the  truck  purging  area  (see  Figure  3-4),  which 
does  not  exhibit  SVOC  and  VOC  contamination.  MW-101  has  TCL  VOCs  in  the 
groundwater  (i.e.,  DCA,  benzene,  and  ethylbenzene).  GC  field-screening  data 
from  soil  samples  both  above  and  below  the  water  table  indicates  the  presence 
of  the  VOCs  benzene  and  toluene,  and  therefore,  are  consistent  with  results 
from  the  groundwater  data. 

Similarly,  the  SOV  survey  at  Site  1  detected  TCA;  DCA  is  a  transformation 
product  of  TCA.  The  VOCs  in  the  analytical  soil  samples  may  have  been  volatil¬ 
ized  prior  to  analysis.  MCLs  for  benzene,  DCA,  and  ethylbenzene  are  5,  7,  and 
700  yg/fc,  respectively.  Groundwater  in  MW-101  exceeds  the  level  for  benzene 
and  is  just  below  the  level  for  DCA. 

The  source  for  the  observed  contamination  is  not  clear  since  MW-101  has  the 
highest  water  level  measured  in  the  water  table  aquifer,  Potential  sources 
include  as  yet  undetermined  contamination  upgradient  from  MW-101.  A  more 
likely  source  for  the  observed  contamination  is  related  to  the  basewide  storm 
sewer  and  surface  drainage  system.  The  northern  portion  of  the  Base  drainage 
system  empties  into  the  NDD  south  of  Site  1.  The  NDD  also  receives  surface 
runoff  from  an  adjacent  GWA  runway.  This  drainage  flows  into  a  large  catch 
basin  adjacent  to  MW-101.  This  catch  basin  is  also  the  locus  of  several  other 
underground  surface  drainage  outflows.  Leakage  from  this  drainage  system  could 
give  rise  to  the  observed  contamination  in  MW-101. 
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4.1.2  Site  2 


High  levels  of  hydrocarbon  contamination  were  observed  in  both  soils  and 
groundwater  from  Site  2.  MW-104  and  surface  soil  samples  SS-104  and  SS-105 

were  sited  in  the  general  area  of  the  10,000-gallon  AVGAS  spill  (see 
Figure  3-5).  The  AVGAS  was  spilled  while  being  transferred  from  the 
50,000-gallon  USTs  on  the  southern  side  of  the  POL  building.  Analytical  data 
from  these  locations  do  show  VOC,  SVOC,  total  PHC,  and  lead  contamination; 
however,  the  highest  contamination  levels  in  soils  from  MW-104  are  in  the 
deepest  sample.  SS-104  and  SS-105  have  high  lead  values,  probably  from  the 
AVGAS  spill.  The  fuel  currently  stored  in  the  USTs  (JP-4)  contains  no  lead  and 
the  lead  values  in  the  subsurface  samples  are  low. 

The  highest  contamination  levels  at  Site  2  were  found  in  MW-103.  As  in  MW-104, 
the  contamination  level  in  soils  from  MW-103  increases  with  depth,  and  the  lead 
values  are  low.  Additionally,  up  to  1  foot  of  a  floating,  nonaqueous -phase 
liquid  free  product  was  found  in  MW-103.  The  floating,  nonaqueous -phase 
liquid  free  product  observed  in  MW-103  (Site  2)  is  degraded,  and  is  not 
observed  in  the  other  two  Site  2  monitoring  wells  (MW-104  and  MW-105).  This 
information  is  interpreted  to  indicate  that  a  large,  migrating  floating 
product  does  not  occur  at  Site  2.  The  thickness  of  the  free  product  was 
estimated  by  comparing  the  elevation  of  free  product  measured  at  MW-103  to 
predicted  water  levels  at  MW-103  (see  Figure  1-8).  These  data  suggest  that  the 
hydrocarbon  contamination  source  is  leaks  in  the  adjacent  50,000-gallon  USTs 
associated  with  the  POL  building.  MCLs  for  benzene  are  exceeded  in  MW-103, 
MW-104,  and  MW-105.  MCLs  for  toluene  (2,000  yg/fc)  and  ethylbenzene  are  also 
exceeded  in  groundwater  from  MW-103,  and  groundwater  from  Site  2  is  predicted 
to  flow  southwest  (see  Figure  1-8),  which  indicates  that  contaminated  ground- 
water  is  moving  directly  off-base  at  Site  2. 

4.1.3  Site  4A 

PCE  and  TCE  were  detected  at  Site  4A  in  groundwater  from  MW-112  and  exceed  MCLs 
(5  yg/fc)  for  drinking  water.  No  soil  samples  were  collected  from  MW-112; 
however,  GC  field-screening  data  from  split-spoon  soil  samples  indicated  the 
presence  of  both  PCE  and  TCE.  The  concentration  of  these  solvents  also  in¬ 
creased  with  sample  depth,  and  the  highest  values  were  found  in  samples  below 
the  water  table.  These  data  indicate  that  a  source  for  the  observed  ground- 
water  contamination  at  Site  4A  is  upgradient  of  MW-112.  The  Phase  I  Records 
Search  did  not  recommend  Site  4  for  future  study,  but  discussed  the  history  of 
activities  in  the  Site  4  area.  The  Air  Force  initially  used  the  area  for 
airplane  maintenance,  as  hangars  were  located  in  this  area.  From  1960  to  1974, 
Capital  Airways  used  the  area  for  similar  activities.  Since  1976  the  ANG  has 
washed  airplanes  in  the  area. 

4.1.4  Site  4B 


Hydrocarbon  contamination  (VOCs  and  SVOCs)  was  detected  in  both  soils  and 
groundwater  of  Site  4B.  The  levels  of  contamination  in  both  media  are  high 
(see  Figures  3-6  and  3-10),  and  the  MCLs  for  drinking  water  for  toluene, 
benzene,  and  ethylbenzene  are  exceeded.  GC  field-screening  data  support  the 
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analytical  data,  demonstrating  that  the  levels  of  VOC  contamination  increase  in 
the  deeper  soil  samples. 

The  contamination  source  at  Site  4B  is  not  clear.  However,  the  increased 
levels  of  contamination  with  sample  depth  suggest  that  the  exploration  location 
is  not  directly  in  a  source  region.  The  lead  values  from  groundwater  at 
MW-111  are  high,  as  stated  for  Site  4A,  suggesting  that  a  leaded  fuel  was 
involved  at  the  contamination  source.  The  Phase  I  Records  Search  did  not 
recommend  Site  4  for  future  study,  but  discussed  the  history  of  activities  in 
the  Site  4  area.  An  abandoned  Air  Force  fuel  line  and  fuel  hydrants  are 
located  upgradient,  northeast  of  Site  4B  and  could  potentially  contribute  to 
the  observed  hydrocarbon  contamination. 

A  second  potential  source  for  the  contamination  at  Site  4B  is  the  presence  of 
an  engine  test  stand.  This  facility,  located  in  the  southwestern  corner  of  the 
Base,  is  approximately  100  feet  downgradient  from  MW-111.  Aircraft  engines  are 
mounted  and  tested  at  this  facility;  therefore,  potential  exists  for  spilling 
or  leaking  of  fuels.  The  lead  values  from  groundwater  at  MW-111  are  high, 
suggesting  that  a  leaded  fuel  was  involved  at  the  contamination  source. 

4.1.5  Site  5 


Contamination  at  Site  5  was  encountered  in  two  areas.  The  SI  study  at  Site  5 
was  initially  formulated  to  investigate  the  SDD,  historically  an  open  trench, 
that  was  reported  to  have  received  various  hydrocarbon  and  solvent  wastes.  The 
on-base  portion  of  the  SDD  was  reconstructed  several  years  ago,  and  is  current¬ 
ly  a  buried  culvert,  part  of  the  basewide  surface  drainage  system  (see 
Figure  3-11).  The  SDD  becomes  exposed  as  in  aboveground  ditch  southeast  of  the 
Base  property  line.  During  flooding  conditions,  the  ditch  may  receive  overflow 
from  an  oil/water  separator  that  services  shops  on  the  Base. 

The  SOV  survey  identified  two  areas  of  contamination  in  the  SDD  vicinity; 
however,  it  is  unclear  whether  the  contamination  is  in  fact  related  to  the 
older  reported  releases.  PCE  was  detected  in  the  SOV  survey  near  a  fenced 
storage  area  (see  Figures  3-3,  3-7,  and  3-11).  High  Lead  values  (90-160  yg/fc) 
are  also  reported  in  three  of  the  four  monitoring  wells  adjacent  to  the  fenced 
storage  area  (MW-106,  MW-109,  and  MW-110).  These  values  exceed  the  MCL  for 
lead  (50  yg/fc).  The  fenced  storage  area  was  initially  put  into  service  in 
November,  1977.  Materials  used  for  aircraft  maintenance  and  the  motor  pool  are 
typically  stored  in  the  facility.  Materials  stored  there  include  10W  and  30W 
motor  oil,  hydraulic  fluid,  deicing  fluid,  and  degreaser  fluid.  PCE  values 
were  highest  in  SOV  sampling  points  adjacent  to  the  fenced  compound,  decreasing 
with  distance  from  the  fenced  storage  area  (see  Table  3-1  and  Figure  3-3).  PCE 
was  also  detected  (6  to  12  yg/fc)  in  monitoring  wells  adjacent  to  the  fenced 
storage  area  (MW-106,  MW-107,  MW-109,  and  MW-110);  however,  soil  samples  did 
not  contain  halogenated  solvents.  GC  field-screening  of  soil  samples  did 
detect  PCE  in  MW-106  and  MW-107,  consistent  with  the  SOV  and  groundwater  data. 
The  groundwater  contamination  levels  are  relatively  low;  however,  the  MCL  for 
PCE  is  5  yg/t  and  is  exceeded  in  all  monitoring  wells  where  it  was  detected. 
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A  second  area  of  contamination  at  Site  5,  identified  during  the  SOV  survey,  is 
located  southeast  of  Building  2818  (see  Figure  3-3).  The  contamination  is 
restricted  to  fuel-related  hydrocarbons  and  is  found  in  a  small  area.  MW-108 
was  sited  in  this  area,  and  soils  and  groundwater  both  exhibit  contamination. 
The  level  of  contamination  decreases  with  depth,  suggesting  a  surface  or 
near-surface  source.  The  Base  personnel  indicated  that  this  area  had  been  used 
for  fire-training  exercises.  The  fire  training  activities  in  the  Site  5  area 
have  not  occurred  for  approximately  the  past  ten  years,  and  in  the  past  usage 
of  the  area  for  fire  training  activities  was  infrequent.  Fuels  were  placed  in 
large  shallow  pans,  ignited,  and  then  extinguished  by  the  the  Base  fire  depart¬ 
ment.  The  hydrocarbon  contamination  observed  in  this  area  is  consistent  with 
these  practices. 

Groundwater  samples  at  this  site  contain  lead,  several  SVOCs ,  VOCs,  and  PAHs 
(see  Figure  3-11).  Because  the  SDD  is  the  locus  of  the  southern  portion  of  the 
the  Base  surface  drainage  system,  basewide  waste  may  have  washed  into  the  open 
drainage  ditch,  contaminating  surface  water  and  sediments.  The  drainage  in  the 
ditch  flows  through  a  residential  neighborhood  upon  exiting  the  Base  property 
(see  Figure  1-2).  Sampling  data  are  not  available  for  media  from  the  ditch; 
therefore,  it  cannot  be  established  whether  wastes  are  being  transported  from 
the  Base. 
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5.0  CONCLUSIONS 


Section  5.0  summarizes  the  conclusions  from  the  SI  program  at  the  Base.  The 
conclusions  are  based  on  the  results  from  analytical  data  and  the  synthesis  of 
geologic  and  hydrogeologic  information. 


5.1  SITE  1 


Results  of  analytical  soil  and  groundwater  data  from  Site  1  indicate  that 
environmental  contamination  is  present  however  more  samples  are  necessary  to 
evaluate  contamination  at  the  site.  This  is  illustrated  in  Figure  5-1  where 
observed  and  suspected  areas  of  contamination  are  indicated.  Contamination  at 
Site  1  was  shown  to  be  concentrated  in  sediment  in  the  NDD  and  in  groundwater 
from  MW-101  (Figure  5-1).  Groundwater  contamination  in  MW-101  is  also  believed 
to  be  related  to  surface  drainage  concentrated  in  a  catch  basin  adjacent  to 


MW-101. 


5.2  SITE  2 


Soil  and  groundwater  from  Site  2  contain  the  highest  contamination  levels 
observed  on  the  Base.  Surface  soils  exhibit  VOC,  SVOC,  total  PHC,  and  lead 
contamination.  Subsurface  soil  contamination  was  observed  in  MW- 103  and  MW- 104 
(Figure  5-2).  Contamination  includes  VOCs ,  SVOCs,  total  PHCs,  and  lead,  with 
the  highest  levels  occurring  in  the  deepest  samples.  Groundwater  contamination 
at  Site  2  was  observed  in  all  three  monitoring  wells  (MW-103,  MW-104,  and 
MW-105)  (Figure  5-2),  and  includes  VOCs,  SVOCs,  total  PHCs,  and  lead.  The 
surface  soil  contamination  is  believed  to  be  related  to  the  historic  AVGAS 
spill. 


5.3  SITE  4A 

Groundwater  contamination  was  detected  at  Site  4A  in  MW-112.  TCE  and  PCE  occur 
at  9  and  7  vg/H  respectively,  and  exceed  their  MCLs.  The  groundwater  contam¬ 
ination  source  is  not  identified;  however,  it  probably  occurs  upgradient  of 
MW-112. 


5.4  SITE  4B 


Subsurface  soil  and  groundwater  contamination  were  detected  at  Site  4B  in 
MW-111.  Contamination  is  fuel-related  and  includes  VOCs,  SVOCs,  total  PHCs, 
and  lead.  The  contamination  is  unanticipated  and  a  source  has  not  been  ident¬ 
ified. 


5.5  SITE  5 


At  Site  5,  perched  groundwater  was  encountered  above  the  water  table  aquifer, 
and  contamination  is  focused  in  two  separate  regions.  The  two  areas  of  ob- 
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served  contamination  and  the  original  area  of  suspected  contamination  for 
Site  5  are  shown  in  Figure  5-3.  PCE  and  lead  were  observed  in  groundwater 
from  monitoring  wells  adjacent  to  a  fenced  storage  facility,  and  were  present 
in  both  the  perched  water  and  the  water  table  aquifer.  The  PCE  contamination 
source  is  believed  to  be  related  to  degreasing  solvents  staged  in  the  fenced 
storage  area. 

A  second  area  of  contamination  at  Site  5  is  located  southeast  of  Building  2818. 
Fuel-related  hydrocarbon  contamination  was  detected  in  soils  and  groundwater 
from  MW-108.  The  fuel  contamination  in  subsurface  soils  and  perched  ground- 
water  at  MW-108  included  VOCs,  SVOCs,  total  PHCs,  and  lead.  Contamination 
levels  in  subsurface  soils  decreased  with  sampling  depth.  The  source  for  this 
hydrocarbon  contamination  is  related  to  past  fire-training  exercises  carried 
out  by  the  Base  Fire  Department.  Groundwater  flow  at  Site  5  in  the  water  table 
aquifer  is  southwest. 
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SOURCE: 

GREATER  WEMNGTDN  ARPORT  DANGS 

NEW  CASTLE.  DELAWARE 

DANGS  DEVELOPMENT  PLAN  (JUNE  70.  1983) 
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FIGURE  5-3 
AREAS  OF  OBSERVED  AND 
SUSPECTED  CONTAMINATION 

SITE  5 
166th  TAG 

GREATER  WILMINGTON  AIRPORT 
NEW  CASTLE,  DELAWARE 

- EC  JORDAN  CO  - 
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6.0  RECOMMENDATIONS 


Jordan's  SI  field  studies  at  the  Base  were  conducted  to  determine  the  presence 
or  absence  of  contamination  in  the  soils  and  groundwater  at  three  sites  and  to 
characterize  the  basewide  geology  and  hydrogeology.  Results  of  studies  at 
three  sites  and  basewide  explorations  demonstrate  the  presence  of  various 
contamination  levels  in  the  three  sites  and  at  two  unanticipated  locations 
(Sites  4A  and  4B). 

The  studies  at  Site  1  indicate  the  presence  of  environmental  contamination.  In 
addition  to  PHCs  in  surface  soils  in  SS-103,  contamination  was  also  detected  in 
areas  adjacent  to  Site  1  (i.e.,  NDD  and  MW-101).  Based  on  these  findings,  it 
is  recommended  that  further  studies  be  conducted  at  Site  1  to  support  risk  and 
feasibility  efforts. 

Contamination  at  Site  2  occurs  in  surface  soils,  subsurface  soils,  and  ground- 
water.  Based  on  the  presence  of  this  contamination,  further  studies  are 
recommended  at  Site  2  to  support  risk  and  feasibility  efforts. 

Site  4  is  divided  into  two  parts  (4A  and  4B).  Contamination  at  Site  4A  occurs 
in  groundwater  and  is  restricted  to  the  solvents  PCE  and  TCE.  Contamination  at 
Site  4B  is  observed  in  soils  and  groundwater,  including  fuel-related  hydro¬ 
carbons  and  lead.  The  source  for  environmental  contamination  at  Sites  4A  and 
4B  is  not  clearly  understood,  and  investigations  to  define  source  areas  and 
support  risk  and  feasibility  studies  are  recommended. 

The  results  of  investigation  at  Site  5  have  identified  two  areas  of  environ¬ 
mental  contamination.  PCE  and  lead  occur  in  groundwater  adjacent  to  the  fenced 
storage  area,  and  fuel-related  hydrocarbons  occur  in  soil  and  groundwater  in 
the  area  impacted  by  historical  fire-tr?  .ing  exercises.  Lead  contamination  is 
found  in  groundwater  from  both  areas.  Based  on  these  findings  further  in¬ 
vestigations  are  recommended  at  both  Site  5  areas  to  support  risk  and  feasi¬ 
bility  studies. 
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GLOSSARY  OF  ACRONYMS  AND  ABBREVIATIONS 


ANG 

APA 

ARAR 

AVGAS 

AWQC 

BTX 

CLP 

cm/sec 

DCA 

DNREC 

FS 

ft/ft 

ft/yr 

GC 

GWA 

HARM 

HAZWRAP 

HMTC 

ID 

in/ sec 
IRP 

MCL 

NDD 

OD 

PAHs 

PCBs 

PCE 

PHC 

PI 

PPb 

ppm 

PVC 

QAPP 


Air  National  Guard 
Airport  Parking  Area 

Applicable  or  Relevant  and  Appropriate  Requirements 

aviation  gasoline 

Ambient  Water  Quality  Criteria 

benzene,  toluene,  and  xylene 

Contract  Laboratory  Program 
centimeters  per  second 

1 , 1-dichloroethane 

Delaware  Department  of  Natural  Resources  and  Environmental  Control 

Feasibility  Study 
feet  per  feet 
feet  per  year 

gas  chromatograph 
Greater  Wilmington  Airport 

Hazardous  Assessment  Rating  Methodology 
Hazardous  Waste  Remedial  Actions  Program 
Hazardous  Materials  Technical  Center 

inside  diameter 

inches  per  second 

Installation  Restoration  Program 

Maximum  Contaminant  Level 

Northwest  Drainage  Ditch 

outside  diameter 

polynuclear  aromatic  hydrocarbons 

polychlorinated  biphenyls 

tetrachloroethene 

petroleum  hydrocarbon 

photoionization 

parts  per  billion 

parts  per  million 

polyvinyl  chloride 

Quality  Assurance  Project  Plan 
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RCRA 

Resource  Conservation  and  Recovery  Act 

RD 

Remedial  Design 

RI 

Remedial  Investigation 

SDD 

Southeast  Drainage  Ditch 

SI 

Site  Investigation 

SOV 

soil  organic  vapor 

SVOC 

semivolatile  organic  compound 

TAG 

Tactical  Airlift  Group 

TCA 

trichloroethane 

TCE 

trichloroethene 

TCL 

Target  Compound  List 

TRC 

Tracer  Research  Corporation 

USAF 

U.S.  Air  Force 

USEPA 

U.S.  Environmental  Protection  Agency 

UST 

underground  storage  tank 

VOC 

volatile  organic  compound 

vg/e 

micrograms  per  liter 
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WATER  LEVEL  SUMMARY  TABLE 
DANGB  SITE  INSPECTION 


MONITORING 

WATER  LEVELS  (NGVD) 

WELL  OR 

PIEZOMETER 

10/25/88  11/14/88 

MW- 101 

32.40 

32.20 

MW-102 

32.25 

32.06 

MW- 103* 

32.52 

32.20 

MW-104 

30.94 

30.74 

MW- 10 5 

31.77 

31.54 

MW- 106 

27.43 

27.34 

MW- 107 

41.65 

41.59 

MW- 108 

42.53 

42.41 

MW- 109 

42.67 

42.52 

MW-110 

42.33 

41.35 

MW -11 2 

25.51 

25.34 

P-110 

28.49 

28.30 

MW-111 

25.58 

25.42 

MW-111  Offset 

25.55 

25.40 

P-112 

40.12(10/24) 

39.98 

P-112  Offset 

40.26 

40.12 

*Difficult  to  measure  due  to  product  in  the  well 


PAGE#  1  of  1 
JOB#  357 

DATE  NOV  26,1988 

DELAWARE  NATIONAL  GUARD  BASE 
NEWCASTLE,  DELAWARE 
WELL  &  BORING  LOCATIONS 


ELEVATIONS  COORDINATES 


WELL  # 

GROUND 

INNER 

OUTER 

NORTH 

EAST 

P-109 

61 .21 

62 . 51 

62 . 33 

613,907.30 

604,481.90 

P-110 

64 . 34 

66.21 

65 . 76 

614,412.79 

605,361.09 

P-111 

66.36 

67.88 

67 . 76 

613,308.52 

604 , 848 . 30 

P-111* 

66.26 

67 . 60 

67 . 34 

613,302.22 

604,844 . 72 

P-112 

64.35 

66.21 

65 . 98 

613,379.66 

605,517.49 

P-112* 

64.51 

65.95 

65 . 64 

613,392.97 

605 , 511 . 82 

MW- 101 

45.57 

47.37 

47.57 

615,049.49 

604,676.77 

MW- 10 2 

50.08 

51.85 

51.85 

614,980.79 

604,730.07 

MW- 103 

53.12 

54.91 

54.41 

614,791.72 

604,703.60 

MW- 104 

53.18 

54.09 

53.90 

614,699 . 29 

604,716.07 

MW- 105 

54.71 

56.47 

56.66 

614,688.45 

604,813.88 

MW-106 

62.83 

64.33 

64 . 37 

613,775.18 

606,099.52 

MW- 107 

63.99 

65.33 

65.48 

613,849.90 

606, 145.31 

MW- 108 

62 . 64 

64.36 

65.00 

613,648.68 

606 ,151.90 

MW- 109 

63.13 

64.90 

64.57 

613,763.15 

606,100.80 

MW-110 

62.81 

63 . 89 

63.68 

613,784.56 

606 , 095 . 69 

UST-1 

52.74 

614,672.70 

604 , 696.52 

UST-2 

54.88 

614 , 528 . 35 

604 ,713.72 

UST-3 

55.03 

614 , 476.80 

604,676.95 

PUBLIC 

SUPPLY  WELLS 

PSW-A 

41.0 

616,209.44 

604 , 997 . 18 

PSW-B 

69 . 5 

614,865.69 

605 , 579 . 70 

PSW-C 

61.9 

613 , 069 . 17 

606 , 567 . 65 

*  Offset  well 

Horizontal  Datum  NAD  1983 

Vertical  Datum  NGVD  1929 

NOTE: 

P-111  is  MW-111 
P-111*  is  MW-111  offset 
P-109  is  MW  112 
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GRAIN  SIZE  DISTRIBUTION 


SIEVE  ANALYSIS 
RESULTS 


1)  MW- 101  .  7%  Gravel  Trace 

16' -18'  57%  Sand  (mostly  fine) 
36%  Silt  and/or  Clay 


2)  MW- 102 

14' -16'  2%  Gravel  Trace 

63%  Sand  Well  Graded 
35%  Silt  and/or  Clay 

3)  MW- 103 

26 '-28'  52%  Fine  and  Med.  Sand 
48%  Silt  and/or  Clay 

4)  MW- 104  68%  Fine  and  Med.  Sand 

24 '-26'  32%  Silt  and/or  Clay 


5)  MW- 105  64%  Fine  and  Med.  Sand 

19 '-21'  36%  Silt  and/or  Clay 

6)  MW-106  9%  Fine  Sand  Trace 

29 '-31'  91%  Silt  and/or  Clay 

7)  MW- 107  32%  Fine  Gravel 

19 ’-21'  44%  Well  graded  F-C  Sand 
24%  Silt  and/or  Clay 


8)  MW- 108  2%  Gravel 

20 '-22'  46%  Fine  to  Coarse  Sand 
52%  Silt  and/or  Clay 

9)  MW- 109  10%  Gravel 

19 '-21'  63%  Well  Graded  Sand 
27%  Silt  and/or  Clay 

10)  MW-111 

29 '-31'  6%  Fine  Sand 

94%  Silt  and/or  Clay 

11)  MW- 112  64%  Well  Graded  Sand 

34' -36  36%  Silt  and/or  Clay 


Tr 

Sand  Fine  Sand  and  Silt,  Trace 
and  Gravel,  Trace  Clay 


Well  Graded  Sand  and  Silt,  Trace  Gravel, 
Trace  Clay 


Fine  to  Med.  Sand  and  Silt,  Trace  Clay 


Fine  and  Med.  Sand,  Some  Silt, 

Trace  Clay 

Fine  to  Med.  Sand  and  Silt,  Trace  Clay 


Silt/Clay  with  Trace  Fine  Sand 


Fine  to  Coarse  Sand,  Some  Gravel, 
Some  Silt,  Trace  Clay 


Silt  and  Sand,  Trace  Gravel,  Trace  Clay 


Well  Graded  Sand,  Some  Silt, 
Trace  Gravel,  Trace  Clay 


Silt  and  Clay,  Trace  Fine  Sand 


Well  Graded  Sand  and  Silt,  Trace  Clay 
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HYDRAULIC  CONDUCTIVITY  RESULTS  AND 
SAMPLE  CALCULATIONS 


HYDRAULIC  CONDUCTIVITY  TEST  RESULTS 
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NEW  CASTLE,  DELAWARE 
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RISING  HEAD/IN  SITU 

2.06E-02 

58.39 

MW- 102 

RISING  HEAD/IN  SITU 

4.36E-03 

12.36 

MW-103 

RISING  HEAD/IN  SITU 

1.24E-02 

35.15 

MW- 104 

RISING  HEAD/IN  SITU 

5.19E-03 

14.71 

MW-105 

RISING  HEAD/IN  SITU 

1.21E-02 

34.30 

MW-106 

RISING  HEAD/IN  SITU 

9.81  E-03 

27.81 

MW-107 

RISING  HEAD/IN  SITU 

2.67E-02 

75.69 

MW-108 

RISING  HEAD/IN  SITU 

8.60E-03 

24.38 

MW-110 

RISING  HEAD/IN  SITU 

8.94E-03 

25.34 

MW-111 

RISING  HEAD/IN  SITU 

1.50E-02 

42.52 

MW-112 

RISING  HEAD/IN  SITU 

2.60E-02 

73.70 

P-110 

RISING  HEAD/IN  SITU 

1.02E-02 

28.91 

P-112 

RISING  HEAD/IN  SITU 

7.03E-02 

199.28 
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INTRODUCTION 

A  shallow  soil  gas  investigation  was  performed  by  Tracer 

Research  Corporation  at  the  Delaware  Air  National  Guard  Base 

(DANGB)  in  New  Castle-  Delaware.  The  investigation  was  conducted 

on  September  27  through  30-  1 988  under  contract  to  E.C.  Jordan 

Co.  The  purpose  of  the  survey  was  to  evaluate  the  presence  or 

absence  of  volatile  organic  compounds  (VOCs)  in  the  subsurface. 

For  this  survey,  a  total  of  70  soil  gas  samples  were 

collected  and  analyzed  in  the  field.  Samples  were  analyzed  for 

the  following  compounds: 

t r i ch 1  or oe thane  (TCA) 
trichloroethylene  <TCE> 
tetrach loroethene  ( PCE > 
benzene 
to luene 
ethy 1  benzene 
xylenes 

total  hydrocarbons 

Xylenes  are  reported  as  the  total  of  the  three  xylene  isomers  and 
total  hydrocarbons  are  approximately  C4-C9  aliphatic,  alicyclic 
and  aromatic  compounds.  The  compounds  in  this  suite  because  of 
their  suspected  presence  in  the  subsurface  at  particular  sites  on 
DANGB. 
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SHALLOW  SOIL  GAS  INVESTIGATION  -  METHODOLOGY 

Soil  gas  contaminant  investigation  refers  to  a  method 
developed  by  TRC  for  investigating  underground  contamination  from 
volatile  organic  chemicals  (VOCs)  such  as  industrial  solvents! 
cleaning  fluids  and  petroleum  products  by  looking  for  their 
vapors  in  the  shallow  soil  gas.  The  method  involves  pumping  a 
small  amount  of  soil  gas  out  of  the  ground  through  a  hollow  probe 
driven  into  the  ground  and  analyzing  the  gas  for  the  presence  of 
volatile  contaminants.  The  presence  of  VOCs  in  shallow  soil  gas 
indicates  the  observed  compounds  may  either  be  in  the  vadose  zone 
near  the  probe  or  in  groundwater  below  the  probe.  The  soil  gas 
technology  is  most  effective  in  mapping  low  molecular  weight 
halogenated  solvent  chemicals  and  petroleum  hydrocarbons 
possessing  high  vapor  pressures  and  low  aqueous  solubilities. 
These  compounds  readily  partition  out  of  the  groundwater  and  into 
the  soil  gas  as  a  result  of  their  high  gas/liquid  partitioning 
coefficients.  Once  in  the  soil  gas?  VOCs  diffuse  vertically  and 
horizontally  through  the  soil  to  the  ground  surface  where  they 


dissipate  into  the  atmosphere. 


The  contamination  acts  as  a 


source  and  the  above  ground  atmosphere  acts  as  a  sink!  and 
typically  a  concentration  gradient  develops  between  the  two.  The 
concentration  gradient  in  soil  gas  between  the  source  and  ground 
surface  may  be  locally  distorted  by  hydrologic  and  geologic 
anomalies  (e.g.  claysi  perched  water);  however,  soil  gas  mapping 
generally  remains  effective  oecause  distribution  of  the 
contamination  is  usually  broader  in  areal  extent  than  the  local 
geologic  barriers  and  is  defined  using  a  large  data  base.  The 
presence  of  geologic  obstructions  on  a  small  scale  tends  to 
create  anomalies  in  the  soil  gas-groundwater  correlation,  but 
generally  does  not  obscure  the  broader  areal  picture  of  the 
r  o  r.  t  am  .  nan  t  distribution. 
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EQUIPMENT 

Tracer  Research  Corporation  utilized  a  one  &  1/2-ton  flat¬ 

bed  Ford  truck  and  analytical  field  trailer  which  was  equipped 
with  one  gas  chromatograph  and  two  Spectra  Physics  SP4270 
computing  integrators.  In  addition,  the  trailer  has  one  built-in 
gasoline  powered  generator  which  provides  the  electrical  power 
<110  volts  AC)  to  operate  all  of  the  gas  chromatographic 
instruments  and  field  equipment.  A  pneumatic  hammer  operated  by 
a  230  cfm  air  compressor  was  used  to  drive  probes  into  the 
ground.  A  specialized  hydraulic  mechanism  consisting  of  two 
cylinders  and  a  lever-arm  was  used  to  withdraw  the  sampling 
probes.  A  hand-operated  hammer  was  used  to  assist  in  driving 
probes  past  cobbles  and  through  unusually  hard  soil. 

SAMPLING  PROCEDURES 

Sampling  probes  consist  of  7-foot  lengths  of  3/4  inch 
diameter  hollow  steel  pipe  which  are  fitted  with  detachable  drive 
points.  Soil  gas  samples  were  collected  after  driving  the  steel 
probe  to  a  depth  between  2  and  6  feet  into  the  ground.  The 
above-ground  end  of  the  sampling  probes  were  fitted  with  a  steel 
reducer  and  a  length  of  polyethylene  tubing  leading  to  a  vacuum 
pump.  To  adequately  purge  the  volume  of  air  within  the  probe.  5 
to  10  liters  of  gas  were  evacuated  with  a  vacuum  pump.  During 
the  soil  gas  evacuation,  samples  were  collected  in  a  glass 
syringe  by  inserting  a  syringe  needle  through  a  silicone  rubber 
segment  in  the  evacuation  line  and  down  into  the  steel  probe. 
Ten  milliliters  of  gas  were  collected  for  immediate  analysis  in 
the  TRC  analytical  field  van.  Soil  gas  was  subsamoled  .'duplicate 
injections)  in  volumes  ranging  from  1  v*L  to  2  nL  -  depending  on 
the  VOC  concent r a t l on  at  anv  particular  location. 
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ANALYTICAL  PROCEDURES 

A  Varian  3300  gas  chromatograph  equipped  with  a  flame 
ionijation  detector  (FID)  and  electron  capture  detector  (ECD)  was 
used  for  the  soil  gas  analyses.  The  ECD  was  used  for  the 
analyses  of  TCA,  TCE  and  PCE  while  the  FID  was  used  to  analyze 
for  benzene,  toluene,  ethylbenzene,  xylenes  and  total 
hydr ocar bons .  Nitrogen  was  used  as  the  carrier  gas. 

Detection  limits  for  the  compounds  of  interest  are  a 
function  of  the  injection  volume  as  well  as  the  detector 
sensitivity  for  individual  compounds.  Thus,  the  detection  limit 
varies  with  the  sample  size.  Generally,  the  larger  the  injection 
size  the  greater  the  sensitivity.  However,  peaks  for  compounds 
of  interest  must  be  kept  within  the  linear  range  of  the 
analytical  equipment.  If  any  compound  has  a  high  concentration, 
it  is  necessary  to  use  small  injections,  and  in  some  cases  to 
dilute  the  sample  to  keep  it  within  linear  range.  This  may  cause 
UACrtfA-Sed  detection  limits  for  other  compounds  in  the  analyses. 
For  example,  during  this  investigation,  a  number  of  the  soil  gas 
samples  had  elevated  concentrations  of  benzene.  To  bring  the 
peak  for  this  compound  within  1  inear  range,  it  was  necessary  to 
make  small  injections.  This  had  the  effect  of  decreasing  the 
detection  limits  for  ethylbenzene  and  xylenes  in  these  samples. 

The  detection  limits  range  down  to  0.0002  Hg/L  for  compounds 
such  as  TCA  and  PCE  depending  on  the  conditions  of  the 
measurement,  in  particular,  the  sample  size.  If  any  component 
being  analyzed  is  not  detected,  the  detection  limit  for  that 
compound  in  that  analysis  is  given  as  a  "less  than"  value  ie.g. 

0.0002  ng/L'.  Detection  limits  obtained  from  GC  analyses  are 
calculated  from  the  current  response  factor,  the  sample  size,  and 
t  ne  estimated  mini  mum  peak  size  (area)  that  would  have  been 
.  i  s  i  b  !  e  r  oe  r  he  conditions  p*’  the  measurement. 
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QUALITY  ASSURANCE/QUALITY  CONTROL  PROCEDURES 

Tracer  Research  Cor por a t i on ’ s  normal  quality  assurance 
procedures  were  followed  in  order  to  prevent  any  cross¬ 
contamination  of  soil  gas  samples. 

.  Steel  probes  are  used  only  once  during  the  day  and  then 
washed  with  high  pressure  soap  and  hot  water  spray  or 
steam-cleaned  to  eliminate  the  possibility  of  cross- 
con  t  am  i  na  t  i  on  .  Enough  probes  are  carried  on  each  truck  to 
avoid  the  need  to  reuse  any  during  the  day. 

.  Probe  adaptors  (steel  reducer  and  tubing)  are  used  once 

during  the  course  of  the  day  and  cleaned  at  the  end  of  each 
working  day  by  baking  in  the  GC  oven.  The  tubing  is 
replaced  periodically  as  needed  during  the  job  to  insure 
cleanliness  and  good  fit. 

Silicone  tubing  (connecting  the  adaptor  to  the  vacuum  pump) 
is  replaced  as  needed  to  insure  proper  sealing  around  the 
syringe  needle.  This  tubing  does  not  directly  contact  soil 
gas  samples. 

.  Glass  syringes  are  usually  used  for  only  one  sample  per  day 
and  are  washed  and  baked  out  at  night.  If  they  must  be 
used  twice,  they  are  purged  with  carrier  gas  (nitrogen)  and 
baked  out  between  probe  samplings. 

.  Septa  through  which  soil  gas  samples  are  injected  into  the 
chromatograph  are  replaced  on  a  daily  basis  to  prevent 
possible  gas  leaks  from  the  chromatographic  column. 

Analytical  instruments  are  calibrated  each  day  by  the  use 
of  chemical  standards  prepared  in  water  by  serial  dilution 
from  commercially  available  pure  chemicals.  Calibration 
checks  are  also  run  after  approximately  every  five  soil 
gas  sampling  locations. 

2  cc  subsampling  syringes  are  checked  for  contamination 
prior  to  sampling  each  day  by  injecting  nitrogen  carrier 
gas  into  the  gas  chromatograph. 

°r;or  Co  sampling  each  day,  system  blanks  are  run  to  check 
the  sampling  apparatus  (probe,  adaptor,  10  cc  syr  i  r,ge  :  for 
Co nt am i na t i o n  by  drawing  ambient  air  from  above  ground 
cOrcugn  one  svstem  and  comparing  the  analysis  to  a  ;;.r- 
current'..  =  amo  led  air  anal  ys  l  s  . 
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All  sampling  and  2  cc  subsampling  syringes  are  decontami¬ 
nated  each  day  and  no  such  equipment  is  reused  before  being 
decontam i na ted .  Microliter  size  subsampling  syringes  are 
reused  only  after  a  nitrogen  carrier  gas  blank  is  run  to 
insure  it  is  not  contaminated  by  the  previous  sample. 

Soil  gas  pumping  is  monitored  by  a  vacuum  gauge  to  insure 
that  an  adequate  gas  flow  from  the  vadose  zone  is 
maintained.  A  negative  pressure  (vacuum)  of  2  in.  Hg 
less  than  the  maximum  capacity  of  the  pump  (evacuation 
rate  >0.02  cfm)  usually  indicates  that  a  reliable  gas 
sample  cannot  be  obtained  because  the  soil  has  a  very  low 
air  per meab i 1 i ty . 
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QUALITY  ASSURANCE 


Data  Quality  Verification 

All  organic  and  inorganic  analytical  data  for  the  groundwater,  soil,  and 
sediment  samples  were  generated  by  the  protocols  specified  by  the  USEPA  for  the 
Contract  Laboratory  Program  (CLP).  The  stringent  quality  control  procedures 
outlined  in  the  CLP  protocols  provide  a  preliminary  level  of  assurance  of  data 
quality.  In  addition,  all  laboratory  deliverables  (analytical  results  and  raw 
data)  were  subjected  to  a  Level  IV  review  by  both  experienced  data  reviewers 
and  a  project  chemist  using  procedures  specified  in  the  USEPA  "Functional 
Guidelines  for  Evaluating  Organic  Analyses"  (HQ-8410-01,  May  28,  1985)  and  the 
"Functional  Guidelines  for  Evaluating  Inorganic  Analyses"  and  included  the 
January  1987  USEPA  Region  I  revisions.  The  protocols  specified  in  the 
validation  guidelines  were  used  to  evaluate  data  utility.  Data  are  considered 
acceptable  if  the  quality  control  problems  are  minor  and  do  not  affect  data 
utility  as  outlined  in  the  validation  guidelines.  Exceptions  are  noted  where 
QC  problems  result  in  unacceptable  data.  Level  IV  data  quality  represents 
conf irmational  data  characterized  by  rigorous  quality  control  and  validation 
procedures  and  is  adequate  to  support  Risk  Assessment,  enforcement,  and 
engineering  alternative  design.  The  validation  guidelines  used  specify  a 
systematic  procedure  for  evaluating  laboratory  data,  including  holding  times, 
blank  analysis,  surrogate  recoveries,  matrix  spike  results,  GC/MS  tuning, 
instrument  calibration,  compound  identification,  and  method  performance.  The 
definitions  of  the  data  qualifiers  (as  well  as  laboratory  qualifiers)  used  in 
reporting  the  analytical  data  are  presented  in  Table  I. 

All  laboratory  deliverables,  chain -of -custody  forms,  and  validation  worksheets 
are  maintained  on  file  by  Jordan  and  are  available  for  inspection. 

A  Level  III  review  was  performed  for  the  results  of  the  petroleum  hydrocarbons 
analysis  and  for  all  drum  sample  analyses.  Level  III  represents  data  generated 
using  USEPA -approved  methods  but  not  specifically  the  CLP  protocols  and  results 
in  data  to  be  used  for  source,  extent,  or  characterization,  and  to  support 
engineering  treatability  studies.  This  data  evaluation  included  method  blanks, 
holding  times,  and  calibration  where  provided. 

Volatile  Organics 

In  general,  the  volatile  organics  data  was  acceptable  and  may  be  used  without 
qualification.  In  many  cases,  the  non-detected  results  for  2-butanone  were 
qualified  as  unusable  (R)  because  the  minimum  response  criteria  for  calibration 
were  not  met.  These  rejected  values  indicate  a  problem  with  instrument 
sensitivity  for  2-butanone  and  that  the  actual  detection  limit  can  not  be 
evaluated.  However,  these  non-detected  values  may  be  considered  valid  if, 
based  on  site  history  and  previous  studies,  this  compound  is  not  expected  to  be 
present.  Positive  results  for  2-butanone  are  qualitatively  estimated 
(J  qualifier)  as  may  be  used  in  the  SI.  Because  of  its  solubility,  this 
compound  is  extremely  difficult  to  analyze  by  the  purge  &  trap  procedure  used 
by  this  method.  Therefore,  this  low  response  is  typical  for  laboratories  in 
the  CLP. 
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Some  samples  exhibited  high  levels  of  benzene,  ethylbenzene,  and  xylenes,  but 
no  toluene  was  detected.  Review  of  the  raw  data  did  not  uncover  any  problems 
that  would  account  for  this  inconsistency.  Further  study  would  be  required  to 
investigate  possible  causes  for  this  behavior. 

Water  field  duplicate  results  were  acceptable.  Some  differences  were  noted 
between  soil  results  but  seem  to  be  attributable  to  a  non-homogeneous  matrix. 

Semivolatile  Organics 

In  general,  the  semivolatile  organics  data  were  acceptable  and  may  be  used 
without  qualification.  Two  samples  (05GW046XXX01XX  and  05GW050XXX01XX) 
exhibited  poor  surrogate  recoveries  for  all  acid  surrogates.  The  laboratory 
reanalyzed  these  samples  and  the  poor  recoveries  were  confirmed,  indicating  a 
probable  matrix  interference.  All  non-detected  acid  results  in  these  samples 
were  qualified  as  unusable  (R) .  These  rejected  results  should  not  be  used  to 
determine  the  absence  of  the  acid  extractable  semivolatile  organics,  since  the 
low  recoveries  indicate  that  these  compounds  are  not  easily  recovered  from  this 
matrix.  Additional  samples  would  be  needed  to  confirm  their  presence  or 
absence. 

Soil  field  duplicate  results  were  acceptable.  Differences  were  observed  in 
water  results  and  may  result  from  analytical  difficulties  caused  by  the  high 
levels  of  organics  present. 

Inorganics 

In  general,  inorganics  results  were  acceptable  and  may  be  used  without 
qualification. 

Soil  field  duplicate  results  were  acceptable.  Water  results  for  lead  in 
03GW108XX  showed  poor  agreement  (88  versus  3.2  Vg/£).  Review  of  the  raw  data 
did  not  indicate  any  analytical  problems.  Both  samples  were  analyzed  un¬ 
diluted,  and  only  one  required  further  dilution  for  off-scale  results. 
Analytical  spikes  were  acceptable  in  all  cases.  Based  on  this  information,  the 
problem  may  be  result  of  a  sampling  problem.  Additional  data  would  be  needed 
to  accurately  assess  the  presence  of  lead. 

Blank  Analyses 


All  samples  were  evaluated  for  blank  contamination  (laboratory  and  sampling)  in 
accordance  with  the  validation  guidelines,  and  these  validated  results  are 
reported  in  the  data  summary  tables.  The  blank  results  are  summarized  below. 

A  total  of  27  method  blanks  were  analyzed  with  this  sample  set.  Of  these, 
eight  were  analyzed  as  low  water  samples,  14  as  low  soil,  and  five  as  medium 
soil.  The  results  presented  in  Table  II  are  typical  for  method  blank  data. 
Methylene  chloride  and  acetone  were  the  most  frequently  observed  contaminants 
and  were  all  within  the  established  CLP  limits  for  blank  contamination.  The 
contaminants  detected  in  the  medium-level  soil  blanks  were  all  less  than  the 
contract  required  detection  limit  (CRDL) . 
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A  total  of  18  semivolatile  method  blanks  were  analyzed  (7  low  water  and  11  low 
soil).  The  results  presented  in  Table  II  are  typical  for  method  blank  data. 
The  only  contaminant  found  was  bis(2-ethylhexyl)phthalate  at  levels  less  than 
the  CLP  limit.  All  soil  values  were  less  than  the  CRDL. 

No  lead  contamination  was  observed  in  the  inorganics  blanks. 

The  frequency  of  QC  samples  collected  is  summarized  in  Table  F-3,  and  the 
results  for  these  samples  are  presented  in  Appendices  F  and  G. 
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TABLE  F-l 
DATA  QUALIFIERS 


Organic  Data  Qualifiers  (Flags) 


JJ 

U 

UJ 

B 


Indicates  an  estimated  value  when  the  value  is  below  the  contract 
required  detection  limit  (CRDL)  or  all  quality  assurance  criteria 
were  not  met  during  analysis. 

Validation  flag  for  values  below  CRDL  only. 

Indicates  the  parameter  was  analyzed  for  but  not  detected  at  the 
concentration  value  preceding  the  qualifier. 

Nondetect  result  was  estimated;  QC  not  acceptable. 

Indicates  the  analyte  was  detected  in  both  the  same  and  associated 
method  blank. 


UJB  -  Nondetect;  detection  limit  was  adjusted  for  blank  contamination. 

E  -  Indicates  that  the  concentration  reported  exceeded  the  calibration 

range  of  the  analysis  method  and  that  sample  should  have  been  diluted 
and  reanalyzed. 

D  -  Indicates  that  the  sample  required  dilution  prior  to  analysis  to 

bring  the  detected  value  within  the  calibration  range  of  the  method 
of  analysis. 

R  -  Indicates  that  data  is  not  useable  because  quality  control  criteria 

were  not  met. 


UR 

X 


Nondetected  result  was  rejected;  QC  not  acceptable. 

Indicates  that  a  combination  of  flags  were  required  or  that  the 
sample  required  additional  notes  not  covered  by  other  flags. 


Inorganic  Data  Qualifiers  (Flags) 

E  -  The  reported  value  is  estimated  because  of  the  presence  of  interfer¬ 
ence.  An  explanatory  note  must  be  included  under  Comments  on  the 
cover  page  (if  the  problem  applies  to  all  samples),  or  on  the  spec¬ 
ific  FORM  I-IN  (if  it  is  an  isolated  problem). 


M 

N 

S 


Duplicate  injection  precision  not  met. 

Spiked  sample  recovery  not  within  control  limits. 

The  reported  value  was  determined  by  the  Method  of  Standard 
Additions . 
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w 


Postdigestion  spike  for  Furnace  Atomic  Absorption  analysis  is  out  of 
control  limits  (85-115%),  while  sample  absorbance  is  less  than  50%  of 
spike  absorbance. 

[]  -  Value  reported  is  less  than  the  CRDL. 

*  -  Duplicate  analysis  not  within  control  limits. 

+  -  Correlation  coefficient  for  the  Method  of  Standard  Addition  is  less 

than  0.995. 

Others 

The  following  letters  or  notations  may  appear  on  the  tables: 

NR  -  Analysis  not  requested. 

NA  -  Analyte  requested  but  not  analyzed. 

--  -  Analyte  analyzed  for  but  not  detected. 
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TABLE  F-2 

VOLATILE  METHOD  BLANK  SUMMARY 
FREQUENCY/CONCENTRATION  RANGE  (ug/1  or  ug/kg) 


Low  Water  Low  Soil  Medium  Soil 


Compound 

(8  total) 

(14  total) 

(5  total) 

methylene  chloride 

2(1) 

14(3-20) 

5(150-390) 

acetone 

5(1-8) 

14(9-30) 

2(360-740) 

chloroform 

— 

3(1-3) 

— 

chlorobenzene 

— 

— 

1(130) 

toluene 

1(2) 

— 

-- 

styrene 

— 

— 

1(150) 

xylenes 

— 

— 

2(410-480) 

2-butanone 

— 

1(5) 

— 

TABLE  III 

SEMIVOLATILE  METHOD  BLANK  SUMMARY 
FREQUENCY/CONCENTRATION  RANGE  (ug/1  or  ug/kg) 


Low  Water  Low  Soil 

_ Compound _ (7  total) _ (11  total) 

bis (2-ethylhexyl)phthalate  4(6-29)  2(49-57) 


1.89.46T 

0007.0.0 


TABLE  F-3 

FREQUENCY  OF  QC  SAMPLES 


MATRIX 

TRIP  BLANKS 

DUPLICATES 

SAMPLE  BLANKS 

FILTRATION 

BLANKS 

14  Water  Samples 

3/20% 

2/10% 

2/10% 

2/10% 

32  Soil  Samples 

— 

4/10% 

2/5% 

— 

1.89. 46T 
0009 .0.0 
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Denotes  the  coelution  of  benzo(b)f luoranthene  and  benzo(k)f luoranthene.  WlOI-SA 
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Denotes  the  coelution  of  benzo(b)f luoranthene  end  benzol k) fluoranthene.  WL01-SA 
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Denotes  the  coelution  of  benzol b) fluoranthene  and  benzo(k)f luoranthene.  WL01-SA 
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Denotes  the  coelution  of  benzo(b) fluoranthene  and  benzo(k)f luoranthene.  WL01-SV 
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Denotes  the  coelution  of  benzol b) fluoranthene  and  benzo(k)f luoranthene.  WL01-SV 
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Denotes  the  coelution  of  benzo  (b)  fluoranthene  and  benzo  <k)  fluoranthene.  UL02-SV 
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